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ABSTRACT
HEALTH-RELATED QUALITY OF LIFE IN PHYSICALLY ACTIVE INDIVIDUALS
WITH A HISTORY OF INJURY

Megan N. Houston
Old Dominion University, 2014
Director: Dr. Matthew C. Hoch

Individuals around the globe engage in physical activity for personal interest or
general health and fitness. Although participation in regular physical activity is important
for general health it also brings with it the risk o f injury. Ankle sprains, anterior cruciate
ligament tears, and concussions are just a few o f the injuries sustained by physically
active individuals with long-term implications. With the number o f physically active
individuals on the rise, sports-related injuries are o f growing concern.
Health-related quality of life (HRQOL) is a personal evaluation o f everyday
functioning and well-being. A variety o f injuries and health conditions associated with
physical activity have been linked to HRQOL deficits. Despite these findings, the
literature has yet to determine the influence o f injury in physically active populations on
the multidimensional profile of HRQOL.
The purpose o f this dissertation was to explore the influence o f injury history on
HRQOL in physically active individuals. The purpose o f the literature review was to
systematically summarize the extent to which HRQOL deficits are present in individuals
with chronic ankle instability (CAI) and adolescent and collegiate athletes. The purposes
o f these studies were to explore HRQOL differences between individuals with and
without CAI, to determine if clinical and laboratory measures o f function can predict
HRQOL scores in individuals with CAI, and to examine the scale structure o f the

Disablement in the Physically Active Scale (DPA), as well as, the influence o f injury and
participation on HRQOL in collegiate athletes.
The results o f the systematic reviews suggest that CAI and sports-related injuries
are associated with decreased HRQOL. In Project I, individuals with CAI displayed
decreased HRQOL based on generic, region-specific, and dimension-specific patientreported outcomes. In Project II, a combination o f mechanical and functional
impairments accounted for 17-36% o f the variance associated with patient-reported
outcomes related to physical function and fear. In Project III, collegiate athletes exhibited
HRQOL deficits based on injury history, participation status, and time since last injury.
Additionally, physical and mental subscales were identified within the existing structure
o f the DPA. The results o f these studies expose the overlap between physical impairment
and patient-reported outcomes and confirm that physically active individuals exhibit
HRQOL deficits following injury. As a result, patient-reported outcomes should be used
in clinical practice to treat the entire spectrum o f disability.
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CHAPTER I
INTRODUCTION
Background
Individuals around the globe engage in physical activity for personal interest or
general health and fitness. In the United States, participation in collegiate and high school
I

athletics has reached an all-time high at approximately 8.1 million student-athletes. ’ In
addition, an estimated 44 million children participate in organized athletics.3 While
participation in regular physical activity is important for preventing hypokinetic diseases4
and improving mental well-being and self-esteem,5 physical activity also brings with it
the risk o f injury.
Annually, up to 4.3 million sports or recreational activity-related injuries are
treated in U.S. emergency departments.6,7 However, this number does not reflect the
various other sports-related injuries treated by other allied health care professionals.
Within sports medicine, more than half o f all sports-related injuries occur to the lower
8 9

extremity. ’ Injury epidemiology studies have proclaimed ankle sprains to be the most
8 9

common injury suffered by high school and collegiate athletes. ’ With ankle sprains
occurring at an estimated rate o f 23,000 per day,10 long-term consequences such as
osteoarthritis and participation restrictions post-injury are o f growing concern.1113
However, ankle sprains are not the only sports-related injury with long-term
consequences. Other injuries typically associated with athletic participation, such as
anterior cruciate ligament (ACL) sprains and meniscal tears, have been linked to
osteoarthritis.14' 15 Additionally, sports-related concussions have been connected to
cognitive impairment and dementia-related syndromes such as Alzheimer’s disease.16

2

With the increasing number of physically active individuals it is important that following
injury these patients receive the best treatment and care.
Disablement Models
Disablement is a global term that reflects the diverse consequences that injury
may have on human functioning at many different levels.17 First introduced in 1965,18
disablement models are conceptual schemes or scientific models that form the basic
architecture for clinical practice, research, and health care policy.17 Disablement models
provide the framework to assess impairment (i.e., loss or abnormality in body function or
structure), functional limitations (i.e., restrictions in the performance o f a person), and
disability (i.e., a physical or mental limitation in a social context) in patients as a result o f
disease, disorder, or injury. Contemporary models o f disablement include N agi’s
Disablement M odel,18 the National Center for Medical Rehabilitation Research
Disablement M odel,19 and the World Health Organization’s International Classification
o f Functioning (ICF) Model.20 All three models utilize a biopsychosocial approach to
assess the overall health status o f their patients, however the lack o f a standard
disablement model makes it difficult for health care professions to communicate,
measure, and prioritize the health care needs o f patients.
The World Health Organization’s ICF model (Figure 1.1) provides both a
scientific basis and a quantifiable system for identifying and studying health care
outcomes. The ICF Model20 is unique in that it provides a synthesis o f earlier disablement
models. More importantly, the ICF framework looks beyond mortality and disease to
focus on how people cope with their conditions.21 The ICF model20 emphasizes the whole
person by addressing disablement at the origin, organ level, person level, and societal

3

level as well as environmental and personal contributing factors.22 Within the model,
health condition is an umbrella term used to represent diseases, disorders, or injuries.
Health condition is organized into three domains: body function and structure, activity,
and participation.

21

Body functions are defined as the physiological functions o f body

systems and structures as anatomical parts such as organs and limbs.21 Activity is the
execution o f a task or action by an individual, whereas participation is involvement in a
life situation.

21

The ICF model’s shift in focus from cause to impact places all health
9 0 91

conditions on equal footing, ’

thus affording clinicians and researchers a common

framework to assess both disease and patient-oriented outcomes.
The unique framework o f the ICF model can be adapted to suit various health care
professions. Health care professionals within the sports medicine community not only
treat a variety o f health conditions but also a diverse patient population. Within the ICF
model, the term health condition is applicable to any disorder, disease, or injury
encountered by the clinician and patient individuality is captured in one o f the three
domains (i.e., body functions and structure, activity, participation) or one o f two
contextual factors (i.e., environmental or personal).21,23 Thus, it provides a conceptual
framework for refocusing health care interventions on the unique needs o f each patient.
Adopting the ICF model within the sports medicine community would provide a common
language for clinical outcomes assessment, enhancing evidence-based practice (EBP),
and improving the overall quality o f patient care.23 A biopsychosocial view o f health, the
ICF model, provides a framework for studying the consequences o f injury with emphasis
on the person as a whole.

4

Patient-Centered Care
Patient-centered care is respectful o f and responsive to individual patient
preferences, needs, and values, ensuring patient values guide all clinical decisions.24 An
effective practitioner incorporates patient values, the best available evidence, and clinical
expertise into treatment decisions and clinical practice, otherwise known as EBP.

Over

the past decade, EBP has gained attention in both clinical and research settings o f athletic
training. Although the profession has made great strides in the production o f diseaseoriented evidence addressing disablement at the organ level, it has failed to equally
incorporate patient-oriented evidence that matters (POEM). POEM emphasizes the effect
o f a disease or injury on a patient’s health status

'7^

concentrating efforts on understanding

disablement from the perspective o f the person. Thus, a culmination o f disease-oriented
and patient-oriented evidence will contribute to a better understanding o f disablement
following injury.
While the World Health Organization’s ICF model provides the framework for
examining disablement, clinical outcome assessments are needed to understand the extent
o f impairment post-injury. Clinical outcome assessments include both clinician- and
patient-based measures. Traditional clinician-based outcomes include goniometry,
manual muscle testing, and circumference measures. Whereas, patient-based outcomes
include information from the patient regarding impairments, function, and health-related
quality o f life (HRQOL).

Combining evidence from clinician- and patient-based

outcomes will provide clinicians with a better understanding o f disablement following
injury. As a result, evidence obtained from clinical outcomes assessments can be used to
monitor treatment outcomes and aid clinical decisions. However, to foster patient-

5

centered care and facilitate EBP in athletic training, more POEM is needed.
Health-Related Quality o f Life
Rather than recognize health as the absence o f disease and disability, the World
Health Organization conceptualized health as a positive state o f physical, mental, and
social well-being to be viewed as a continuum.20 Emphasis on the multidimensional
profile o f health focused attention on the assessment and promotion o f HRQOL.26
Encompassing social, physical and psychological health components, HRQOL has
become an important component o f health surveillance.
Due to the multi-dimensional nature o f HRQOL a variety o f self-reported or
patient-reported outcomes (PROs) have been designed to measure generic, regionspecific, and dimension-specific health components. Generic outcomes, often referred to
as global, are non-specific to body region or condition and designed to assess the
patient’s overall health.27 Region-specific outcomes are specific to a joint (e.g. ankle) or
region (e.g. lower extremity) of the body. Dimension-specific outcomes are used to
capture one aspect o f an individual’s health, such as pain or injury-related fear. Utilizing
HRQOL measures in athletic training clinical practice enhances the clinician’s ability to
incorporate patient values and perspectives; a vital component to the EBP model.23
Patient-Reported Outcomes
PROs are questionnaires or survey instruments that ask patients to self-report his
or her perception o f a condition, injury, and/or overall health status. Generic instruments,
such as the Short Form -12 (SF-12),28 Short-Form-36 (SF-36),29 and Pediatric Outcomes
Data Collection Instrument (PODCI)30 capture a broad range o f health status outcomes.
Recent evidence measuring HRQOL with these PROs has suggested a decrease in

6

HRQOL in adolescent and collegiate athletes with a recent or serious injury compared to
their uninjured counterparts.31,32 Region-specific PROs, such as the Foot and Ankle
Ability Measure (FAAM),33 have been developed to evaluate constructs o f disablement
for a specific region o f the body (e.g., the foot and ankle). Recurrent ankle sprains,34 knee
injuries,35 and concussions,36 have all been associated with decreased function on a
variety o f region-specific PROs. Dimension-specific instruments, such as the Tampa
Scale o f Kinesiophobia (TSK)
(FABQ),

TR

and the Fear-Avoidance Beliefs Questionnaire

evaluate the presence o f fear or other associated psychological barriers

following physical impairment. While injury-related fear has presented in a variety o f
populations,38'42 very few studies43,44 have examined injury-related fear in an athletic
population. Moss et al.43 identified differences in kinesiophobia scores among acutely
injured athletes. Athletes with severe injuries, concussions, or a history o f three or more
injuries reported increased kinesiophobia. Furthermore, Houston et al 44 observed a
decrease in injury-related fear as acutely injured athletes returned to participation. Left
unaddressed post-injury, HRQOL deficits could hinder the recovery process. Using a
combination o f PROs may allow athletic trainers to improve the quality o f care provided
by identifying HRQOL deficits related to generic, region-specific, or dimension-specific
change.
Assessing clinical outcomes, such as HRQOL, is one way o f promoting EBP and
patient-centered care. However, the literature lacks substantial evidence regarding patient
populations commonly treated by athletic trainers. Consequently, to gain a better
understanding o f the disablement process experienced by physically active individuals we
can begin by exploring relationships between HRQOL and chronic ankle instability

7

(CAI).
Chronic Ankle Instability and Health-Related Quality of Life
CAI is a health condition characterized by residual symptoms that include
feelings o f giving way and instability, recurrent ankle sprains, and functional loss
following the occurrence o f one or more acute ankle sprains.45 Roughly half o f all ankle
sprains in the United States occur during athletic activity46,47 and an estimated three
million patients are treated in hospital emergency rooms or a physician’s office each
year.48 Within the past decade, ankle sprains have represented approximately 80% o f
ankle injuries in athletics49,50 and military cadets46 resulting in immense health-care
costs.
Individuals that go on to develop CAI have reported decreased generic and
region-specific HRQOL.34,5' Arnold et al.51 found that participants with CAI reported
lower SF-36 scores. Additionally, the study51 identified a moderate positive correlation
between SF-36 physical function domain scores and the FAAM. This relationship
suggests that CAI may reduce overall HRQOL. Furthermore, Hale and Hertel

reported

that participants with CAI (89.6% ± 9.1%) demonstrated significantly lower scores on the
Foot and Ankle Disability Index (FADI) in comparison to healthy controls (99.9% ±
0.3%). Individuals with CAI have also reported decreased function on the Ankle Joint
Functional Assessment Tool (AJFAT), Self-Reported Questionnaire o f Ankle Function
(SRQAF), FAAM-Sport, and FADI-Sport.34,53,54 Using a variety o f self-reported
instruments, both generic and region-specific deficits have been detected in physically
active individuals with CAI. However, it is unclear how CAI impacts dimension-specific
aspects o f HRQOL such as injury-related fear.

CAI has been attributed to both functional and mechanical impairments.55,56
However, the relationship between generic, region-specific, and dimension-specific
outcomes and physical impairment remains unclear. For example, Wikstrom et al.53
indicated that although functional performance, using a series o f hop tests, did not differ
between groups (p=0.259), self-assessed disability was significantly greater (pO.OOl) in
those with CAI than copers and healthy controls. Calculated effect sizes (Hedge’s g)
between CAI and coper groups and CAI and healthy controls indicated a large effect for
FADI (Coper=0.70, Healthy=1.05), FADI-Sport (Copei-0.76, Healthy=0.97), and
SRQAF (Coper=1.18, Healthy=2.34) scores.53 Although CAI did not influence functional
performance it appears to play a role in self-assessed disability.
cn c o

Few studies ’

have examined the relationship between mechanical impairment

and HRQOL. Hubbard-Tumer57 examined the influence o f mechanical impairment on
self-reported function and concluded that mechanical laxity contributes to region-specific
deficits as reported on the FADI. Anterior laxity strongly correlated with FADI (r=-0.65)
and FADI-Sport (r=-0.88) scores and inversion rotation moderately correlated with FADI
(r=-0.53) and FADI-Sport (r=-0.45) scores. Therefore, as anterior laxity or inversion
rotation increased an individual’s level o f function as reported on both the FADI and
FADI-Sport decreased. However, in a previous study58 the relationship between ankle
laxity and FADI and FADI-Sport scores was not statistically significant. The
relationships observed between FADI and FADI-Sport scores and ankle laxity were
weak, with correlation coefficients ranging from -0.055 to -0.255. The lack o f significant
findings in one study and not the other, along with the dearth o f evidence examining the
influence o f other known CAI impairments on PROs warrants further investigation.
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A variety o f treatment and rehabilitation strategies such as taping, bracing, joint
mobilizations, and balance training have been employed to negate impairments
associated with CAI.59'61 However, very few studies61'63 have investigated the influence
o f such strategies on region-specific function via PROs. Hoch et al.62 noted
improvements on the FAAM and FAAM-Sport following a 2-week joint mobilization
intervention. Furthermore, McKeon et al.61 and Hale et al.63 found similar improvements
on the FADI and FADI-Sport following rehabilitation protocols. Hence, region-specific
outcomes appear to be modifiable post-intervention.
Within the CAI literature, researchers have identified a link between physical
impairment and self-reported function.57 In addition, PROs appear to be responsive to
standard treatment and rehabilitation strategies.61'63 However, HRQOL needs to be
further examined in this population due to inconsistent statistical results regarding the
relationship between region-specific outcomes and mechanical impairment57,58 and the
lack of evidence pertaining to relationships between generic and dimension-specific
outcomes and physical impairment. Further exploration o f the relationships between
patient-oriented evidence and disease-oriented evidence may elucidate the most
meaningful path to recovery.
Athletes and Health-Related Quality o f Life
Competitive and recreational athletes sustain a variety o f soft-tissue,64'67 bone,68,
69

70 72

and nerve injuries '

due to direct trauma or repetitive stresses during sports

participation. Sports-related injuries account for a significant amount o f emergency
medical care in the United States alone.6,7’73 A meta-analysis o f pediatric
epidemiological sports injury studies from 1966 to 2006 found that most injuries occur to
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the lower extremity, predominately to the knee and ankle.74 Similar trends were noted
from 1988 to 2004 in collegiate athletes with ankle ligament sprains accounting for 15%
o f all reported injuries.9 Furthermore, athletic injuries often result in time loss from
7<r 7 7

competition '

7 0

and substantial health-care costs. ’

7 0

Examining the influence o f injury

on HRQOL in an athletic population may enhance the quality o f care and reduce the
long-term impact associated with musculoskeletal injuries in athletes. Therefore, athletes
are another population worthy o f further investigation.
Athletic populations have reported higher SF-36 and Pediatric Quality o f Life
Inventory (PedsQL) scores, indicating better HRQOL, in comparison to the general
population.80'82 However, with an estimated two million sports-related injuries reported
each year in high school athletics alone75 potential exists for those scores to fluctuate.
The current literature suggests that adolescent athletes with a history o f recent injury
exhibit HRQOL deficits in comparison to their uninjured counterparts.31 McAllister et
al.32 reached a similar conclusion in Division I collegiate athletes with a history o f serious
injury. Even athletes with a history o f mild injury had lower scores on multiple
components o f the SF-36 compared to an uninjured cohort.32 Additionally, athletes with a
self-reported history o f concussion have exhibited decreased HRQOL scores on the SF36 and Headache Impact Test-6 (HIT-6) in comparison to uninjured athletes.36,83
However, it is important to point out that these studies are not without limitations.31,32,36,
SO RT

One major limitation is the lack o f definition in injury history, time since injury, and

classification o f injury severity. Other limitations include lack o f sport diversity in the
data captured and lack o f data on athletes not cleared for participation. Also, the
investigations that have examined HRQOL in athletes have only administered generic
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outcomes (i.e. SF-36, PODCI, PedsQL) and one dimension-specific outcome (i.e. HIT6).32,80 Lastly, the investigations have collected limited data on the types o f injuries
sustained by participants and the impact o f time loss following injury.
While the literature suggests that injured athletes report lower HRQOL as
■>/: o i

measured by generic instruments, ’ ’ ’ the influence o f injury on other HRQOL
dimensions is unknown. In addition, the literature has yet to determine the impact o f
participation factors such as injury location, injury severity, time since injury, and years
o f participation on HRQOL scores.
The lack of patient-oriented evidence to support the course o f clinical treatment in
athletic training is evident. If we can isolate factors that contribute to HRQOL deficits
then athletic trainers can adjust their treatment approach to improve the quality o f care
received hy the patient. Utilizing PROs to identify populations susceptible to HRQOL
deficits and factors that contribute to decreased HRQOL will aid clinical decision
making. Therefore, further investigating relationships between HRQOL and athletes will
promote patient-centered care and EBP.
The Problem
As the number o f physically active individuals steadily increases so does the risk of
sports-related injury. The majority o f published evidence has been disease-oriented.
However, an individual experiences a multitude o f insufficiencies post-injury that clinical
measures, such as range o f motion and strength, exclude. Therefore, focus has shifted in
the sports medicine community to POEM. The lack o f POEM obstructs proper execution
o f the EBP model. Insufficient information regarding the patient’s values and
perspectives could hinder the overall quality o f care. Left unaddressed altogether, POEM,
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such as HRQOL, may contribute to long-term consequences associated with sportsrelated injuries such as degenerative joint disease11,14,84 86 and decreased physical
activity.87
A variety o f injuries and health conditions associated with physical activity have
been linked to HRQOL deficits. Post-ankle sprain one in three individuals develop CAI88
which has been associated with generic and region-specific HRQOL deficits.34,51 PostACL reconstruction, psychological variables, such as injury-related fear, have hindered
function and return to sport.39,89 In addition, sports-related concussions have negatively
Q-1

influenced HRQOL outcomes. ’

Despite these findings, the literature has yet to

determine (1) the impact o f CAI on dimension-specific constructs o f HRQOL such as
injury-related fear, (2) the relationship between HRQOL and mechanical and functional
impairments associated with CAI and (3) the influence o f injury history and participation
factors on HRQOL scores in athletes. Therefore, examining the influence o f sportsrelated injuries in physically active populations on the multidimensional profile o f
HRQOL and describing relationships between physical impairment post-injury and
patient-oriented outcomes is essential to facilitate patient-centered care.
Purposes
There were four purposes o f this dissertation. The first purpose was to
systematically review the literature to examine HRQOL in individuals with CAI and
adolescent and collegiate athletes. The second purpose was to determine if generic,
region-specific, and dimension-specific health outcomes differ between individuals with
and without CAI. The third purpose was to identify clinician and laboratory-oriented
measures o f function capable o f predicting PRO scores in individuals with CAI. The

fourth purpose was to examine the scale structure o f the Disablement in the Physically
Active Scale (DPA) and the influence o f injury and participation factors on HRQOL in
collegiate athletes. These studies were designed to address the following aims:
1. To systematically review the literature to examine HRQOL in individuals with
CAI and adolescent and collegiate athletes the following questions were
formulated:
a. Are HRQOL deficits present in individuals with CAI?
b. Are there HRQOL differences between adolescent and collegiate
athletes and non-athletes?
c. Are there HRQOL differences between uninjured adolescent and
collegiate athletes and injured adolescent and collegiate athletes?
2. To determine if generic, region-specific, and dimension-specific health
outcomes differ between individuals with and without CAI.
3. To identify clinician and laboratory-oriented measures o f function capable o f
predicting PRO scores in individuals with CAI.
4. The following aims were formulated to explore HRQOL in collegiate athletes:
a. To analyze the scale structure o f the DP A.
b. To examine the relationship between the DPA and FABQ in collegiate
athletes with a history o f injury.
c. To compare HRQOL in collegiate athletes based on injury history,
participation status, time since last injury, and injury severity.
Hypotheses
Hypothesis for Aim 1A: Within the literature, individuals with CAI will exhibit

14

decreased HRQOL in comparison to healthy individuals.
Hypothesis for Aim IB: Within the literature, adolescent and collegiate athletes will
exhibit increased HRQOL in comparison to non-athletes.
Hypothesis for Aim 1C: Within the literature, uninjured adolescent and collegiate
athletes will exhibit increased HRQOL in comparison to injured adolescent and
collegiate athletes.
Hypothesis for Aim 2: Individuals with CAI will exhibit decreased generic and regionspecific function and increased injury-related fear in comparison to healthy
individuals.
Hypothesis for Aim 3: In individuals with CAI, a combination o f clinician and
laboratory-oriented measures will explain a significant amount o f the variance
associated with HRQOL scores.
Hypothesis for Aim 4A : Subscales associated with specific disablement components
will be identified within the existing structure of the DPA.
Hypothesis for Aim 4B : The DPA will be related to FABQ scores in collegiate athletes
with a history o f injury.
Hypothesis for Aim 4C : Collegiate athletes wall exhibit HRQOL deficits based on
factors such as injury history, participation status, time since injury, and injury
severity.
Overview
The methods, results, discussions, limitations, and conclusions o f the four
aforementioned aims are presented in the following sequence. Chapter II
systematically summarizes the literature related to HRQOL in individuals with CAI

(Part A) and adolescent and collegiate athletes (Part B). Chapter III summarizes
HRQOL comparisons between individuals with and without CAI. Chapter IV
summarizes relationships between PROs and physical impairment in individuals with
CAI. Chapter V summarizes the influence o f injury history on HRQOL scores in
collegiate athletes. To conclude, Chapter VI summarizes the findings o f each study and
discusses future research implications.
Operational Definitions
Chronic Ankle Instability (CAI): A health condition characterized by residual
symptoms that include feelings o f giving way and instability, recurrent ankle sprains,
and functional loss following the occurrence o f one or more acute ankle sprains.45
Evidence-Based Practice (EBP): An interdisciplinary approach to clinical practice that
incorporates the best available evidence, clinical expertise, and patient values into
treatment decisions.25
Fear-Avoidance Beliefs: A maladaptive emotional response toward an excessive fear
o f pain that can eventually lead to avoidance behavior.90
Health-Related Quality o f Life (HRQOL): The self-reported assessment o f physical,
psychological, and social domains o f health, influenced by personal experience, beliefs,
preferences, and expectations.91
Injury-Related Fear: The concept o f fear following injury including, but not limited to,
fear-avoidance beliefs, kinesiophobia, or re-injury anxiety.
Iniurv-Severitv: The following classification system based on calendar days lost due to
injury was used to categorize injury severity.75
•

No Time Loss: The participant did not miss any calendar days due to injury.
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•

Mild: The participant lost less than 8 days due to injury.

•

Moderate: The participant lost 8 to 21 days due to injury.

•

Severe: The participant lost greater than 21 days due to injury.

Kinesiophobia: An irrational debilitating fear o f physical movement resulting from a
feeling o f vulnerability to painful injury or re-injury.

T7

Patient-Centered Care: Care that is respectful o f and responsive to individual patient
preferences, needs, and values, and ensuring that patient values guide all clinical
decisions.24
Patient-Reported Outcome (PRO): A questionnaire that asks patients to self-report his
or her perception o f a condition, injury, and/or overall health status, and often referred
to as patient-oriented outcomes.
•

Dimension-Specific Outcome: A patient-reported outcome used to capture a
specific medical condition or health dimension such as pain or fear o f re-injury.

•

Generic Outcome: A patient-reported outcome suitable for a wide variety o f
patient populations, non-specific to body region or condition and designed to
assess the patient’s overall health.

•

Region-specific Outcome: A patient-reported outcome specific to a joint (e.g.,
ankle) or region (e.g., lower extremity) o f the body.

Assumptions
For the purposes of this dissertation it will be assumed that:
For Chapter III:
1. Participants with a self-reported history o f CAI will have the condition of
interest.
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2. Participants will provide honest answers on all PROs.
For Chapter IV:
1. Participants with a self-reported history o f CAI will have the condition of
interest.
2. Participants will provide honest answers on all PROs.
3. Participants will demonstrate their best effort during data collection.
For Chapter V:
1. Participants will recall and report injury history information to the best o f their
ability.
2. Participants will provide honest answers on all PROs.
3. If participants do not complete the injury history table but all o f the PROs are
complete, the investigators will assume they have no history o f injury.
4. If participants do not select “yes” or “no” for “Are you currently injured?” the
investigators will categorize them as “no” (i.e., uninjured) if the most recent
injury reported was greater than six weeks ago and they answered “yes” to
“Are you currently participating?”.
5. To categorize the participant’s most severe injury, the investigators will use
the injury with the greatest time loss as reported by the participant.
Delimitations
For Chapter III:
1. Participants will be males and females between the ages o f 18-30.
2. Participants will be considered physically active as defined by a four or higher
on the NASA physical activity scale.
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3. Participants will have self-reported CAI.
a. Qualified by reporting a history o f at least one ankle sprain, at least two
episodes o f “giving way” in the past three months, and answering “yes”
to at least four questions on the Ankle Instability Instrument (All).
4. Participants will have no history o f lower extremity surgery.
5. Participants will not have sustained an ankle sprain in the last six weeks and no
other lower extremity injuries in the last six months.
For Chapter IV:
1. Participants will be males and females between the ages o f 18-50.
2. Participants will be considered physically active as defined by a four or higher
on the NASA physical activity scale.
3. Participants will have self-reported CAI.
a. Qualified by reporting a history o f at least one ankle sprain, at least
two episodes o f “giving way” in the past three months, answering
“yes” to at least five questions on the Ankle Instability Instrument
(All) and scoring less than a 24 on the Cumberland Ankle Instability
Tool (CAIT).
4. Participants will have no history o f lower extremity surgery.
5. Participants will be free from peripheral neuropathies or other health conditions
that may influence postural control.
6. Participants will not have sustained an ankle sprain in the last six weeks and no
other lower extremity injuries in the last six months.
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7. Participants will complete all assessments barefoot and in a counterbalanced
order.
For Chapter V:
1. Participants will be male and female National Collegiate Athletic Association
(NCAA) student-athletes at the time o f data collection.
Limitations
For Chapter III:
1. Due to the retrospective study design a casual link cannot be made between CAI
and decreased HRQOL.
2. Participants with bilateral CAI were included.
3. The PROs were not administered in a counterbalanced order.
For Chapter IV:
1. Due to the retrospective design a casual link cannot be made between CAI and
impairment.
2. The PROs were not administered in a counterbalanced order.
3. Reliability o f the joint position sense measurement used in this study has not
been established.
For Chapter V:
1. Musculoskeletal injury history was self-reported and collected retrospectively.
2. The data was collected from athletes at institutions that employed full time
athletic training staffs and that were within close geographic proximity.
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Figure 1.1. World Health Organization’s International Classification o f Functioning
(ICF) Model
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(Disease or Disorder)

Body Functions
Activity
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‘ Reproduced, with the permission o f the publisher, from Towards a Common Language f o r
Functioning, D isability an d Health: ICF, Geneva, World Health Organization, 2002 (Page 9,
http://www.who.int/classifications/icf/training/icfbeginnersguide.pdf, accessed 03 April 2014)
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CHAPTER II
REVIEW OF LITERATURE
The purpose of this chapter is to systematically review the literature regarding
health-related quality o f life (HRQOL) in 1) individuals with chronic ankle instability
(CAI) and 2) adolescent and collegiate athletes. Chapter II Part A, Health-Related Quality
of Life in Individuals with Chronic Ankle Instability: A Systematic Review, critically
appraises the literature to determine the extent to which HRQOL deficits are present in
individuals with CAI. Chapter II Part B, Health-Related Quality o f Life in Adolescent
and Collegiate Athletes: A Systematic Review, critically appraises the literature to
answer the following questions: (1) Are there HRQOL differences between adolescent
and collegiate athletes and non-athletes? (2) Are there HRQOL differences between
uninjured adolescent and collegiate athletes and injured adolescent and collegiate
athletes? Overall, this chapter provides a methodical overview o f the literature related to
HRQOL in individuals with CAI and athletes.
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CHAPTER II: PART A
HEALTH-RELATED QUALITY OF LIFE IN INDIVIDUALS WITH CHRONIC
ANKLE INSTABILITY: A SYSTEMATIC REVIEW
Introduction
Ankle sprains are the most commonly reported injury in collegiate and high
school athletics, accounting for roughly 16% o f all injuries;9’67 however other estimates
have indicated that ankle sprains compose up to 45% o f all athletic injuries.50,92 These
injuries have placed an enormous burden on the health care industry with an estimated
4.4 billion dollars spent annually on treatment.93 In addition to being a prevalent and
costly injury, at least one-third o f individuals who sustain an acute ankle sprain will
develop chronic ankle instability (CAI) 94-96 CAI is characterized by residual symptoms
that include feelings of giving way and instability, recurrent ankle sprains, and functional
loss following the occurrence o f one or more acute ankle sprains 45 Residual symptoms
associated with CAI can persist for decades97 making it difficult for an individual to lead
an active, healthy lifestyle. Furthermore, the repetitive trauma associated with recurrent
ankle sprains often contributes to more serious conditions such as ankle osteoarthritis'1
for which there is a lack o f effective treatments at this time.
Traditionally, CAI research has focused on the pathophysiology o f this condition
by concentrating efforts on identifying mechanical and functional insufficiencies from a
disease-oriented perspective.56,98,99 In the last decade, researchers have expanded their
efforts to include the patient’s perception o f his or her health status as patient-based
outcomes are becoming increasingly recognized in health care.100 This evolution led to
the development o f several patient-reported outcomes (PROs) to measure functional
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limitations in patients with CAI including the Ankle Joint Functional Assessment Tool
(AJFAT),54 Foot and Ankle Disability Index (FADI),52 Foot and Ankle Ability Measure
(FAAM),33 and the Chronic Ankle Instability Scale (CAIS).101 All o f the aforementioned
instruments are self-reported, meaning that they are completed by the patient, and have
been used for a number o f ankle conditions. The development o f these instruments has
enabled researchers and clinicians to collect outcomes that examine a range o f activities
of daily living and sport tasks from the patient’s perspective.
In the CAI literature, both discriminative (e.g., Ankle Instability Questionnaire,
Ankle Instability Instrument (All)) and evaluative (e.g., FADI, FAAM) PROs have been
used. Discriminative instruments are used to identify individuals with a particular
pathology (e.g., CAI), whereas evaluative instruments measure an individual’s perceived
level o f function.102 Donahue et al.103 reviewed seven instruments used to discriminate
between participants with and without CAI and suggested the combination o f the
Cumberland Ankle Instability Tool (CAIT) and A ll be used to determine ankle stability
status. Furthermore, Eechaute et al.104 assessed the clinimetric qualities o f four evaluative
instruments and concluded that the FADI and FAAM are the most appropriate tools to
quantify functional limitations in patients with CAI. Despite these findings, the use o f
PROs has been inconsistent in the literature pertaining to CAI. To strengthen the
reporting o f CAI subject information and to further our knowledge about the limitations
associated with this condition, the International Ankle Consortium recently released a
position statement which recommended specific patient selection criteria for CAI
research and advocated for the use o f PROs to better describe this population.105
Therefore, further examining PROs used in the CAI literature may help to better describe
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the population and improve our understanding o f the condition for future research and
clinical practice.
A variety o f PROs have been used to compare self-reported functional limitations
and health-related quality o f life (HRQOL) in individuals with CAI to ankle sprain copers
(i.e., individuals with a history o f one ankle sprain with no residual symptoms) or healthy
controls. Compared to ankle sprain copers and healthy populations, individuals with CAI
appear to exhibit functional limitations and HRQOL deficits.51 However, to our
knowledge no one has provided a comprehensive review o f the differences between
groups. Providing a comprehensive systematic review that critically appraises the
research literature may provide a better indication o f the HRQOL deficits that may be
present in those with CAI. Therefore, the purpose o f this systematic review was to
determine the extent to which HRQOL deficits are present in individuals with CAI.
Methods
Search Strategy
In March 2014, two investigators conducted a computerized search o f EBSCO
Host (CINAHL, MEDLINE, SportDiscus) and PubMed Central entries from their
inception through March 15, 2014 to locate studies which compared HRQOL outcomes
in individuals with CAI to ankle sprain copers or healthy controls (Table II.A.l). Search
strategies were limited to studies written in English, reported in peer-reviewed journals,
and those that involved humans. In addition to the electronic search, a hand search o f
reference lists, authors, and PROs o f the articles screened for inclusion was performed to
identify pertinent articles.
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Criteria fo r Selecting Studies
All authors; not blinded to study author, place o f publication, or results, reviewed
the articles obtained by the systematic search for inclusion. Titles and abstracts o f all
articles were screened for eligibility based on the criteria listed below. In cases o f
eligibility uncertainty, the full text o f the manuscript was screened.
Inclusion Criteria
The following criteria were used to select studies for inclusion in this systematic review:
•

Studies comparing HRQOL outcomes in adults with CAI to ankle sprain copers or
healthy controls.

o

Subjects in CAI groups were described as having CAI, functional ankle
instability/insufficiency (FAI), mechanical ankle instability/insufficiency
(MAI), or recurring ankle sprains,

o

Subjects in the ankle sprain coper group were described as having a
history o f at least one lateral ankle sprain, no residual symptoms, and had
resumed all pre-injury activities without limitation,

o Subjects in the healthy group were described as having no history o f ankle
sprain.
•

Studies that utilized PROs (e.g., AJFAT, CAIT, FAAM) as a participant
descriptor or as an outcome.

•

Studies published in the English language.

•

Studies published in peer-reviewed journals.

Exclusion Criteria
The following exclusion criteria were used to screen studies for this systematic review:
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•

Studies that required a minimal score on a PRO (i.e., FADI score <90%, CAIT
score <24) as inclusionary criteria.

•

Studies that contained duplicate data from a previously published study.

•

Editorials, commentaries, case studies, guidelines, conference proceedings or
review articles.

Assessment o f Methodological Quality
An adapted, 16-item version o f the original Downs and Black Quality Index106
described by Munn et al.107 was used to assess the methodological quality o f the included
studies. The index encompasses components o f the Strengthening the Reporting o f
Observational Studies in Epidemiology (STROBE) statement and has demonstrated high
internal consistency and inter-rater reliability.106 Based on the recommendations o f Munn
et al.107 studies meeting <60% criteria were deemed low quality, 60 - 74.9% moderate
quality, and >75% high quality. Two reviewers (MNH and MCH) independently
performed the quality assessment for each o f the included studies and disagreement was
resolved by discussion or use o f a third reviewer (JMH). Percent agreement was
calculated to determine the agreement between the two reviewers.
Data Extraction and Statistical Analysis
After the literature search, the articles were initially filtered into two categories
based on the between-group comparisons made in each study (CAI - ankle sprain copers,
CAI - healthy controls). Additionally, a third comparison was made between ankle sprain
copers and healthy controls when the data was available. Each category compared
HRQOL scores between each o f the subject pools. If a study made comparisons between
more than one group then it was included in each category. The categories were further
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subdivided into the three HRQOL components: generic, region-specific, and dimensionspecific. Generic outcomes are non-specific to body region or condition and designed to
assess the patient’s overall health (e.g., Short Form-36 (SF-36)).

97

Whereas, region-

specific outcomes (e.g., FAAM) are specific to a joint or region o f the body and
dimension-specific (e.g., Tampa Scale o f Kinesiophobia-17 (TSK-17)) outcomes are
specific to a disease or health dimension such as fear o f re-injury.
Hedges g effect sizes and 95% confidence intervals were calculated to examine
the magnitude and precision o f differences between groups.

1OR

Hedges g effect size is a

unit-less measure and represents an effect that exists on a parametric distribution.

1OS

A

positive effect size indicated lower HRQOL in the CAI group as compared to a healthy
control or coper group. A positive effect size for the coper to healthy comparison
indicated lower HRQOL in the coper group. Effect sizes were interpreted as weak
(<0.40), moderate (0.41-0.69), or strong (>0.70).109 To further describe trends in the data,
a qualitative assessment o f effect size and confidence intervals was performed by
examining the differences in effect size estimates between groups and if the confidence
intervals crossed zero.
Level o f Evidence
Level o f evidence for the included studies was assessed using method guidelines
for systematic reviews adapted from the Cochrane Collaboration Back Review Group.110
The guidelines suggest using five levels ranging from strong to no evidence. The levels
were modified to include moderate quality studies. Consistent findings among multiple
high quality studies was classified as strong evidence. Consistent findings among
multiple moderate quality or low quality studies was considered moderate evidence. One
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moderate or one low quality study was categorized as limited evidence. Inconsistent
findings among multiple studies was classified as conflicting evidence. If no studies had
been conducted the classification was no evidence.
Results
Literature Search
The initial search strategy (Figure II.A. 1) retrieved 344 articles. Ten additional
records were obtained through a hand-search o f references, authors, and PROs. O f the
124 articles assessed for eligibility, 27 studies34,51’54,58,111’131 met the inclusion criteria
for this systematic review. Six articles were excluded due to duplicate data and an
additional 91 were excluded due to lack o f a control group, no HRQOL outcome, or the
HRQOL instrument was used as inclusionary criteria for the study with minimal scores
required for participation. The 27 studies were classified into the following categories
based on group comparison: CAI and healthy controls, CAI and ankle sprain copers, and
ankle sprain copers and healthy controls. Twenty-four articles34,51’54,58,1 1 1I3 127,130,131
reported HRQOL outcomes between individuals with CAI and healthy controls. Seven
articles53, II2,113,121,128 130 reported HRQOL outcomes between individuals with CAI and
copers and four articles53,113121131 reported HRQOL outcomes between copers and
healthy controls. Inclusion criteria, population, sample size, PRO, study design and
quality index score are summarized in Table II.A.2.
Methodological Quality
Initially, the two reviewers agreed on 91.7% (396/432) o f the items on the
modified Downs and Black Index. Disagreements were resolved by discussion among the
reviewers. Overall, quality scores for the studies ranged from 52.9% to 88.2% with 8 high
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quality studies (>75%), 16 moderate quality studies (60-74.9%) and 3 low quality studies
(<60%).
Data Synthesis
Chronic Ankle Instability and Healthy Control
Twenty-four articles 34 5154’58’ h i ,

113-127, n o , n i

comparecj HRQOL in individuals

with CAI and healthy controls (Table II.A.3). The mean Downs and Black score for these
articles was 70.8 ± 9.6%. All 24 articles provided sufficient data for the calculation o f
effect sizes. Effect sizes and 95% confidence intervals for HRQOL outcomes between
individuals with CAI and healthy controls are presented in Figure II. A.2. O f the 53
comparisons examined, 52-point estimates indicated that HRQOL was lower in the CAI
group; however, the confidence intervals o f 2-point estimates crossed zero.
Effect sizes ranged from 0.00 to 3.79 suggesting that individuals with CAI report
HRQOL deficits in comparison to healthy controls. For generic outcomes, a strong effect
(0.73) was found for the SF-36 physical component summary (SF-36 PCS) suggesting
that individuals with CAI report decreased physical health on the SF-36, however no
effect was present for the SF-36 mental component summary (SF-36 MCS). Additionally,
a strong effect (2.87) was observed for the Disablement in the Physically Active Scale
(DPA) suggesting that individuals with CAI report increased disablement in comparison
to healthy controls. A strong effect ranging from 0.96 to 3.79 was observed for regionspecific outcomes. Effect sizes for the FAAM and FAAM-Sport ranged from 1.04 to 3.29
suggesting that individuals with CAI report decreased ankle function during activities o f
daily living and sport. Similarly, effect sizes for the FADI and FADI-Sport ranged from
0.96 to 2.71. Additionally, strong effects were found for the AJFAT (1.27 to 3.79),
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SRQAF (2.30), and CAIT (1.78 to 3.30). Lastly, both dimension-specific outcomes, the
Fear-Avoidance Beliefs Questionnaire (FABQ) and the Tampa Scale o f Kinesiophobia11 (TSK-11), demonstrated strong effects (1.58-1.95) suggesting individuals with CAI
exhibit heightened fear o f re-injury.
Chronic Ankle Instability and Ankle Sprain Coper
Seven articles53,112’ I13,121‘ 128, l29,131 compared HRQOL in individuals with CAI
and ankle sprain copers (Table II.A.4). The mean Downs and Black score for these
articles was 76.5 ± 11.8%. All seven articles provided sufficient data for the calculation
o f effect sizes. Effect sizes and 95% confidence intervals for HRQOL outcomes between
individuals with CAI and copers are presented in Figure II.A.3. All 16 comparisons
indicated that HRQOL was lower in the CAI group; however, 2 o f the confidence
intervals crossed zero.
Effect sizes ranged from 0.21 to 1.73 suggesting that individuals with CAI report
HRQOL deficits in comparison to copers. No generic outcome scores were reported for
this comparison. Moderate to strong effects (0.66 to 1.73) were found for all regionspecific outcomes. A strong effect (1.22 to 1.73) was observed for the FAAM and
FAAM-Sport suggesting that individuals with CAI report decreased ankle function
during activities o f daily living and sport. However, only moderate to strong effect sizes
(0.66 to 1.27) were observed for the FADI and FADI-Sport. A strong effect was reported
for the SRQAF (1.16). A weak effect (0.21) was observed for the only dimension-specific
outcome suggesting that individuals with CAI report increased kinesiophobia in
comparison to copers, however the confidence interval crossed zero.
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Ankle Sprain Coper and Healthy Control
Four articles53,1!3’ l21,131 compared HRQOL between ankle sprain copers and
healthy controls (Table II.A.5). The mean Downs and Black score for these articles was
83.9 ± 2.5%. All 4 articles provided sufficient data for the calculation o f effect sizes.
Effect sizes and 95% confidence intervals for HRQOL outcomes between copers and
healthy controls are presented in Figure II.A.4. O f the 9 comparisons examined, 7 point
estimates indicated HRQOL was lower in the coper group; however, 2-point estimates
indicated lower HRQOL in the healthy group. Additionally, 8 o f 9 confidence intervals
crossed zero.
Effect sizes were inconsistent ranging from -0.24 to 0.73. No generic or
dimension-specific outcomes were reported for this comparison. For region-specific
outcomes, FAAM effect sizes ranged from -0.24 to 0.43. Two comparisons favored
decreased FAAM scores in copers and one comparison suggested healthy controls exhibit
decreased FAAM scores. Similar trends were identified for the FAAM-Sport, with effect
sizes ranging from -0.13 to 0.73. Weak to moderate effects (0.27 to 0.42) were found for
the FADI and FADI-Sport suggesting that copers exhibit decreased function in
comparison to healthy controls. In addition, a moderate effect was found for the SRQAF
(0.55) indicating decreased function in the coper group.
Level o f Evidence
For generic outcomes there is moderate evidence to support differences between
individuals with CAI and healthy controls. This recommendation is based off o f
consistent findings o f two moderate quality studies.51,115 Generic outcomes have not been
used to compare HRQOL in individuals with CAI and copers nor copers and healthy
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controls. For region-specific outcomes, there is strong evidence that individuals with CAI
report lower scores than healthy controls and ankle sprain copers. This recommendation
is based off o f consistent findings o f 27 studies,34’51'54’58’ 111131 8 o f which were o f high
quality. However, there is conflicting evidence that differences exist between ankle
sprain copers and healthy controls. This recommendation is based off o f inconsistent
findings among four high quality studies.53’ I13’ 121’131 For dimension-specific outcomes,
there is limited evidence to suggest that fear o f re-injury is heightened in individuals with
CAI compared to healthy controls. This recommendation is based off o f the findings o f
one moderate quality study.115 Additionally, there is limited evidence to suggest that
kinesiophobia scores are similar between individuals with CAI and copers. This
recommendation is based off o f the findings of one low quality study.129 Fear o f re-injury
instruments have not been used to compare ankle sprain copers and healthy controls.
Discussion
The purpose o f this systematic review was to determine the extent to which
HRQOL deficits are present in individuals with CAI in comparison to ankle sprain copers
and healthy controls. Additionally, HRQOL deficits were examined in ankle sprain
copers in comparison to healthy controls when this data was available in the included
studies. After reviewing the literature, our findings suggest that individuals with CAI
experience HRQOL deficits, particularly when measured using region-specific outcomes.
However, there is limited to moderate evidence to support deficits on dimension-specific
and generic instruments. Furthermore, there is conflicting evidence that HRQOL deficits
are present in ankle sprain copers in comparison to healthy controls. Consequently, the
following discussion has been organized by outcome type (i.e., generic, region-specific,
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and dimension-specific) to generate a concise summary o f each component o f HRQOL.
Generic Instruments
Based on our systematic review, there is moderate evidence to suggest that
individuals with CAI experience HRQOL deficits in comparison to healthy controls on
generic instruments. Two moderate quality studies5*’ 115 used generic instruments to
compare HRQOL between individuals with CAI and healthy controls. Arnold et al.51
used the SF-36 and found a strong effect (0.73) with a narrow confidence interval for the
physical component (SF-36 PCS), however no effect was observed for the mental
component (SF-36 MCS). The lack o f consistency between outcome summary
components may be attributed to differences in scale constructs. For example, the SF-36
PCS is a physical health summary consisting o f four subscales that include physical
functioning, physical role, bodily pain, and general health. Conversely, the SF-36 MCS is
a mental health summary consisting o f four subscales that include vitality, social
functioning, emotional role, and mental health. Therefore, it may be that individuals with
CAI report decreased physical health but mental health components are uninfluenced by
the condition. However, Houston et al.115 found a very strong effect (2.87) with a narrow
confidence interval for the Disablement in the Physically Active Scale (DPA) and 4 o f
the 16 DPA items pertain to emotional well-being o f the individual.
To better understand the influence o f CAI on generic function more research is
needed. Future research should examine the impact o f CAI on other measures o f generic
function, such as the Short Form-12 (SF-12) to offer the advantage o f brevity and
consider selecting generic instruments better suited for the population under examination.
For example, the DPA132 was designed for use in physically active individuals and 16 o f
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the 27 studies included in this review recruited physically active participants or athletes.
Knowing that athletes exhibit better HRQOL on outcomes such as the SF-36,32’80
instrument appropriateness should be taken into consideration. Investigating the impact
o f CAI on generic function utilizing more than one outcome and an outcome appropriate
for the population sampled will help to better describe deficits associated with the
condition.
Region-Specific Instruments
Overall, we have strong evidence to suggest that individuals with CAI report
lower region-specific outcomes than healthy controls and ankle sprain copers. Moderate
to strong effects (0.66 to 3.79) demonstrated differences between CAI and healthy control
groups and CAI and coper groups. The evidence to support such differences between
region-specific measures unique to the foot and ankle region, including the FAAM,
FADI, CAIT, and AJFAT was strong. Therefore, such measures should continue to be
used in research and clinical practice to describe functional limitations in individuals with
CAI. Furthermore, clinicians should begin monitoring patient progress via such outcomes
to ensure a complete recovery following injury.
We found conflicting evidence to support region-specific differences between
ankle sprain copers and healthy controls. A weak effect (-0.24) was observed suggesting
that healthy controls report decreased function,113 however a strong effect (0.73) was
observed suggesting that copers report decreased function.
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The lack o f consistency

between studies and the broad confidence intervals suggest there are no region-specific
differences between copers and healthy controls. These findings further substantiate that
individuals with CAI have unique impairments that create functional limitations.
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Furthermore, individuals categorized as ankle sprain copers return to similar levels of
activity and participation compared to healthy control subjects. Accordingly, functional
limitations should be taken into consideration when attempting to discriminate between
individuals with CAI and ankle sprain copers.
Dimension-Specific Instruments
The limited evidence regarding differences in dimension-specific outcomes makes
it unclear how the fear o f re-injury, kinesiophobia, or other HRQOL dimensions impact
individuals with CAI. Two studies utilized fear o f re-injury instruments to make
comparisons. Houston et al.115 used the Fear-Avoidance Beliefs Questionnaire (FABQ)
and the TSK -11 to compare individuals with CAI to healthy controls. Both the FABQ
(1.95) and the TSK-11 (1.58) exhibited strong effects indicating that those with CAI
reported heightened fear of re-injury. The only other comparison using a dimensionspecific outcome was between individuals with CAI and copers, therefore all participants
had a history of at least one ankle sprain. Wikstrom

19Q

observed a weak effect (0.21)

between groups suggesting that the CAI group reported increased kinesiophobia on the
TSK-17 in comparison to the copers, but the confidence interval crossed zero. The weak
relationship observed here, may be due to the fact that both groups have a history o f
ankle sprain. Therefore, more evidence is needed to understand how CAI or the history o f
previous injury impacts this aspect o f function.
Implications fo r Clinical Practice
The results o f this systematic review indicate that individuals with CAI report
HRQOL deficits in comparison to ankle sprain copers and healthy controls; however,
HRQOL deficits do not appear to be present in ankle sprain copers in comparison to

healthy controls. While the lack o f evidence pertaining to generic and dimension-specific
outcomes is limited, it is apparent that CAI contributes to self-reported region-specific
deficits. For this reason, clinicians should consider monitoring region-specific function
when treating ankle sprains and CAI. Furthermore, collecting patient perception may
reveal characteristics distinct to the individual’s impairment and help to further guide the
rehabilitation process. Tailoring rehabilitation efforts and treatments to the individual
patient’s goals and values will advance patient-centered care24 and in turn may improve
the quality o f care provided by rehabilitation specialists.
Limitations
Although this systematic review was designed based on the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines, limitations still
need to be addressed. The electronic searches were conducted in databases considered to
be the most relevant to CAI and were followed by a hand search o f references, authors,
and PROs in identified studies, however it is possible that other evidence is available.
Our search was also limited to studies published in English and peer-reviewed journals
but we do not believe any relevant articles were excluded with these search parameters.
Additionally, although we excluded studies that had PRO criterion for subject inclusion,
some studies may have had a PRO criterion that was not specified in the manuscript.
Lastly, CAI or coper groups may have differed due to lack o f a universal definition.
However subjects in each o f the studies included in the CAI group were defined as
having CAI, MAI, FAI, or recurring ankle sprains and subjects included in the coper
group were defined as having a history o f at least one ankle sprain with no residual
complications. Brown et al.111 defined control participants as reporting no more than one
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mild to moderate sprain and no episodes o f giving way and was therefore included as a
coper group.
Conclusions
A systematic search o f the literature revealed 27 studies that compared HRQOL
outcomes in individuals with CAI, ankle sprain copers, and healthy controls. The
evidence suggests that CAI is most likely associated with decreased HRQOL. However,
HRQOL does not appear to be affected in ankle sprain copers who typically have a
history o f one acute ankle sprain. It is clear that region-specific outcomes are lower in
individuals with CAI compared to ankle sprain copers and healthy controls. Therefore,
region-specific outcomes should be taken into consideration when treating CAI and ankle
sprains. However, the relationship between CAI and generic and dimension-specific
outcomes remains unclear and warrants further investigation. By investigating the impact
o f CAI on all components o f HRQOL we may further our understanding o f this
multifaceted condition.
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Table II.A.l. Search Strategy
Search Terms
Step
1
Chronic
Functional
Mechanical
Recurrent
2
Ankle
Instability
3
Insufficiency
Sprains
4
1, 2, 3
Coper
5
Healthy
Uninjured
6
Assessment
Form
Function
Instrument
Measure
Outcome
Patient-assessed
Patient-report
Questionnaire
Self-report
Scale
Score
7
4,5,6
Duplicates
Removed
TOTAL
Duplicates

Boolean Operator
OR

EBSCO Host
1,339,297

PubMed
1,187,097

OR

13,487
12,804

35,904
149,136

AND
OR

1,113
622,314

1,631
397,729

OR

5,176,268

6,339,137

AND

187
56

213
0

131

213
*86

T o ta l number o f duplicates between EBSCO Host and PubMed

Table II.A.2. Methodological Summary o f the Studies Included
Study
Arnold et
al.51
Brown et al.
2 0 0 8 112

Brown et al.
2010 ! 11

Carcia et
al.34

Croy e t a l.113

Inclusion Criteria

Population

CAI (n)

Control (n)

FAI defined as >1 ankle sprain,
>1 EGW per month, and a score
<28 on the CAIT.
A history o f acute ankle sprain
within the past 5 years that
required immobilization for >3
days. MAI and FAI groups
reported >2 EGW in the last
year. MAI (+) anterior drawer
and/or talar tilt. FAI and copers
(-) anterior drawer and talar tilt.
CAI defined as a history o f >1
moderate to severe ankle sprain
that required >3 days o f
immobilization or N W B, with
>2 EGW in the last year. Control
participants reported 1 mild to
moderate sprain and did not
complain o f EGW.
CAI defined as >2 ankle sprains,
EGW and residual symptoms
during functional activities that
limit their ability to participate.

Physically
A ctive

34

34

Recreationally
Active

MAI (21)
FAI (21)

21

Recreationally
A ctive

24

24

N C A A DII
Athletes

15

Recreationally
A ctive

20

CAI defined as a history o f
recurrent ankle sprains and
reported instability on >2 A ll
questions. A coper as a history
o f 1 ankle sprain > 1 year ago
with no residual sym ptom s o f
instability or EGW.

Coper (n)

15

20

20

Q uality Index
Score (% )

PRO

Study Design

F A A M -A D L
FA AM -Sport
SF-36
F A D I-A D L
FADI-Sport

Crosssectional

70.6%

Case-control

70.6%

CAIT

C ase-control

64.7%

F A A M -A D L
FA AM -Sport

Crosssectional

88.2%

F A A M -A D L
FAAM -Sport

C rosssectional

88.2%

CO
vO

Table II.A.2. (cont.)
Study
Feger et
al.114

Hale &
Hertel52

Houston et
al." 5

Hubbard et
al. 200558
Hubbard et
al. 2 0 0 6 117
Hubbard &
Cordova116
Kipp &
PalmieriSm ith"8
Marshall et

al."9

Nauck &
Lohrer120

PRO

Study Design

Q uality Index
Score (% )

15

F A A M -A D L

Case-Control

64.71%

29

12

F A D I-A D L
F A DI-Sport

R epeatedm easures

52.9%

Physically
A ctive

25

25

Case-control

70.59%

—

15

15

--

Case-control

70.6%

—

30

30

—

Case-control

82.4%

““

20

20

—

Case-control

70.6%

Recreationally
A ctive

11

11

D PA
F A A M -A D L
FAAM -Sport
FABQ
T S K -1 1
F A D I-A D L
FADI-Sport
F A D I-A D L
FADI-Sport
FA D I-A D L
FADI-Sport
FA D I-A D L
FADI-Sport

Case-control

64.7%

12

12

CAIT
FA D I-A D L
FADI-Sport

C ase-control

70.6%

Con (17)
Pre (24)

SS (31)
VB (37)

F A A M -A D L
FAAM -Sport

Crosssectional

52.9%

Inclusion Criteria

Population

CAI (a)

Control (n)

CAI defined as a history o f >1
ankle sprain with the initial
sprain occurring > ly ea r ago and
current s e lf reported functional
deficits (FAAM -Sport <85%).
CAI defined as a history o f ankle
sprain with pain and/or limping
fo r > l day, chronic weakness,
pain or instability attributed to
the initial injury, and giving way
in the last 6 months.
CAI as defined by a history o f
>1 ankle sprain, >2 EGW in the
past 3 months, and >4 yeses on
the AIL

Physically
A ctive

15

Recreationally
Active

CAI as defined by the Ankle
History Questionnaire.
CAI as defined by the Functional
Ankle Instability Questionnaire.
CAI as defined by the Ankle
Instability Questionnaire.
CAI defined as having sustained
>1 ankle sprain and repeated
episodes o f instability.
CAI defined as >1 ankle sprain
in the last year that required
m edical treatment and >1 day o f
m issed work or training, EGW
or instability o f the ankle, and no
current pain.
CAI as defined by the Ankle
Injury History Questionnaire.

—

C op er(n )

—

Table II.A.2. (cont.)
Study

Inclusion Criteria

Population

CAI (n)

Control (n)

Coper (n)

PRO

Study Design

Q uality Index
Score (% )

Plante &
W ikstrom121

CAI defined as an initial ankle
sprain that required
immobilization and/or N W B for
>3 days, multiple EGW in the
past year, >1 recurrent sprain 3-6
months prior to participation,
and a score <22 on the AJFAT.
A coper as an initial ankle sprain
that required immobilization
and/or N W B for >3 days but
have resumed physical activity
without limitation for >12
months prior to participation and
an AJFAT score >22.
FAI defined as >2 ankle sprains
(1 o f which required >3 days o f
im mobilization) and >2 EGW.
FAI defined as >2 ankle sprains
(1 o f which required >3 days o f
im mobilization) and >2 EGW.
FAI defined as >2 ankle sprains
(1 o f which required >3 days o f
im mobilization) and >2 EGW.
FAI defined as >2 ankle sprains
(1 o f which required >3 days o f
im mobilization) and >2 EGW.
FAI defined as >1 ankle sprain
and >2 EGW in the last year.
FAI defined as a history o f ankle
sprains and >2 EGW in the last
year.

A ctive Adults

25

20

21

F A A M -A D L
FA AM -Sport

Case-control

82.4%

10

10

AJFAT

Case-control

70.6%

C C T (1 0 )
S C T (1 0 )
Control (10)
15

C C T (1 0 )
S C T (1 0 )
Control (10)
15

AJFAT

C ase-control

64.7%

AJFAT

Case-control

64.7%

22

22

AJFAT

Case-control

64.7%

—

17

17

AJFAT

Case-control

70.6%

Recreationally
A ctive

12

12

AJFAT

C ase-control

64.7%

Ross et al.
2 0 0 5 127
Ross &
G uskiew icz1
26

Ross et al.
2 0 0 8 123
Ross et al.
2 0 0 9 124
Ross et al.
2 0 1 1122
Ross et al.
2 0 1 3 125

Physically
A ctive

—

Table II.A.2. (cont.)
Study

Inclusion Criteria

Population

CAI (n)

Control (n)

Rozzi et al.54

A functionally unstable ankle
defined as >2 unilateral ankle
sprains and a current sense o f
w eakness or instability.
FAI defined as >1 moderate to
severe ankle sprain within 5
years o f the study and report >2
EGW within the last 12 months.
Copers defined as 1 moderate to
severe ankle sprain within 5
years, no residual sym ptom s and
a full return to pre-injury activity
>6 months before testing.
CAI defined as an ankle sprain
that required immobilization
and/or N W B for >3 days,
multiple EGW, >1 recurrent
sprain 3-6 months prior to study
participation, and a score <22 on
the AJFAT. A coper as the same
ankle sprain criteria but have
resumed all pre-injury physical
activity without limitation for
>12 months and a score >22 on
the AJFAT.

A ctive
University
Students

13

13

Athletes from
University
Sports
Programs

19

Recreationally
A ctive

24

Steib et al.128

Wikstrom et
al.53

24

C oper (n)

Q uality Index
Score (% )

PRO

Study Design

AJFAT

R epeatedm easures

70.6%

19

FA AM
FA AM -Sport

C ase-control

76.5%

24

FADI
SRQ AF

C ase-control

82.4%

tSj

Table II.A.2. (cont.)
Study

Inclusion Criteria

Wikstrom

CAI defined as an ankle sprain
that required im mobilization
and/or N W B for >3 days,
multiple EGW, >1 recurrent
sprain 3-6 months prior to study
participation, and a score <22 on
the AJFAT. Copers defined as
the same ankle sprain criteria but
have resumed all pre-injury
physical activity without
limitation for > 12 months and a
score >22 on the AJFAT.

Wright et a l.131

CAI defined as a history o f an
ankle sprain that required
protected W B, immobilization,
or limited activity for > 2 4 hours,
>2 EGW in the past year and a
score <27 on the CAIT. Coper
defined as having a history o f an
ankle sprain that required
protected W B or immobilization,
but no complaints o f ankle
instability or EGW and had
resumed all preinjury activities.

Population

CAI (n)

Control (n)

29

Physically
A ctive

23

23

Q uality Index
Score (% )

C op er(n )

PRO

Study Design

29

T S K -17

Crosssectional

52.9%

23

FAAM
FA AM -Sport

Crosssectional

82.4%

Wright &
Arnold130

FAI defined as >1 ankle sprain
CAIT
32
32
Case-control
76.5%
that required protected W B,
immobilization and/or limited
activity for > 24 hours and >1
monthly EGW.
Abbreviations: AJFAT, Ankle Joint and Foot Assessm ent Tool; CAI, Chronic A nkle Instability; CAIT, Cumberland A nkle Instability Tool; Con, Conservative;
EGW, Episode o f giving way; FAI, Functional A nkle Instability; FAAM , Foot and Ankle A bility Measure; FADI, Foot and A nkle D isability Index; HRQOL,
Health-Related Quality o f Life; N W B, N on-w eight bearing; Pre, Pre-surgical; SF-36, Short Form-36; SRQ AF, Self-Report Questionnaire o f A nkle Function; SS,
Sport Students; TSK -17, Tampa Scale o f K inesiophobia-17; V B, Volleyballers; W B, Weight bearing.
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Table II.A.3. Effect Size and 95% Confidence Intervals for the Chronic Ankle Instability
and Healthy Comparison________________________________________________________
Study

Patient-Reported Outcome

Hedge’s g

Lower Limit

Upper Limit

G eneric Instruments
Arnold et al.51

SF-36 PCS3

0.73

0.24

1.22

Arnold et al.51

SF-36 MCSb

0.00

-0.48

0.48

DPAC

2.87

2.08

3.66

Houston et al.115

Region-Specific Instruments
Arnold et al.51

FAAM d

1.29

0.77

1.81

Carcia et al.34

FAAM e

2.14

1.25

3.04

Croy et al.113

FAAM f

1.15

0.48

1.82

Feger et al.114

FAAM®

2.48

1.53

3.43

Houston et a l." 5
Nauck & Lohrer (Con. vs. SS)l2n

FAAM h

1.38

0.76

1.99

FAAM'

1.47

0.81

2.13

Nauck & Lohrer (Con. vs. V B )l2(>

FAAMj

1.58

0.94

2.23

Nauck & Lohrer (Pre. vs. S S ) 120

FAAM k

2.12

1.46

2.79

Nauck & Lohrer (Pre. vs. V B )120

FAAM 1

2.25

1.60

2.90

Plante & W ikstrom121

FAAM"1

1.46

0.80

2.13

Wright et al.131
Hale & Hertel52

FAAM"

1.39

0.74

2.03
2.04

FAD1®

1.31

0.58

Hubbard et al. 200558

FADIP

1.18

0.41

1.96

Hubbard et al. 2 0 0 6 117
Hubbard & Cordova116
Kipp & Palm ieri-Sm ith"8

FADIq
FADIr

2.71
2.19

2.01
1.41

3.41
2.97

FADf

1.40

0.47

2.34

Marshall et al.119

FADI1

1.52

0.61

2.43

Wikstrom et al.53

FADE

1.04

0.43

1.64

Arnold et al.51

FAAM-Sport'

Carcia et al.34

FAAM-Sport"

2.54
2.40

1.90
1.46

3.18
3.34

Croy et al.113

FAAM-Sportx

1.89

1.15

2.64

Houston et al.115

2.04

1.36

1.20
2.24

0.56

2.73
1.83

Nauck & Lohrer (Con vs. VB)120

FAAM -Sporty
FAAM -Sport2
FAAM-Sportaa

1.53

2.95

Nauck & Lohrer (Pre vs. SS)120

FAAM-Sportbb

2.63

1.90

3.35

Nauck & Lohrer (Pre. vs. VB)120

FAAM-Sportcc

3.29

2.52

4.07

Plante & Wikstrom121

FAAM-Sportdd

1.59

0.92

2.27

Nauck & Lohrer (Con. vs. SS)120

Wright et al.131

FAAM-Sportee

1.04

0.42

1.65

Hale & Hertel52

FADI-Sport14

1.85

1.07

2.63

Hubbard et al. 200558

FADI-Sport®®

0.98

2.69

Hubbard et al. 2 0 0 6 117

FADI-Sporthh

1.83
2.07

1.45

2.70

Hubbard & Cordova"6

FADI-Sport11

2.53

1.69

3.36

Kipp & Palm ieri-Sm ith"8
Marshall et al." 9

FADI-Sport”
FADI-Sportkk

1.70
1.17

0.73
0.30

2.68
2.03

Wikstrom et al.53

FADI-Sport11

0.96

0.36

1.56

Ross et al. 2 0 0 5 127
Ross & G uskiewicz (CC T)126

AJFAT"1"1

2.15

1.05

3.26

AJFAT""

3.18

1.86

4.50

Ross & G uskiewicz (S C T )126

AJFAT00

Ross & G uskiew icz (Control) 126

AJFATPP

1.56
2.70

0.56
1.48

2.56
3.91

Ross et al. 2 0 0 8 123

AJFAT"1

3.55

2.40

4.70
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Table II.A.3. (cont.)
Study

Patient-Reported Outcome

Hedge’s g

Lower Limit

Upper Limit

Ross et al. 2 0 0 9 124

AJFAT"

3.45

2.52

4.39

Ross et al. 2 0 1 1 122
Ross et al. 20 1 3 125

AJFAT55

2.78
3.79

1.84
2.45

3.72
5.12

AJFAT"

Rozzi et al.54

AJFATUU

1.27

0.43

2.12

Wikstrom et al.53

SRQAFVV

2.30

1.57

3.03

Brown et al. 2 0 1 0 111

CAITWW

2.28

1.55

3.00

Marshall et al.119

CAITXX

Wright & Arnold130

CAITyy

1.78
3.30

0.84
2.55

2.73
4.06

Dim ension-Specific
Houston et al.115

FABQZZ

1.95

1.28

2.62

Houston et al.115

TSK-1 l aaa

1.58

0.94

2.21

Abbreviations: CAIT, Cumberland Ankle Instability Tool; CCT, Conventional Coordination Training; Con.,
Conservative Treatment; DPA, Disablement in the Physically A ctive Scale; FAAM , Foot and Ankle Ability
Measure; FABQ, Fear-Avoidance B eliefs Questionnaire; FADI, Foot and Ankle Disability Index; Pre., Presurgical; SCT, Stimulation Coordination Training; SRQAF, Self-Report Questionnaire o f Ankle Function;
SS, Sports Students; T S K -11, Tampa Scale o f K inesiophobia-11; VB, Volleyballers.
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Table II.A.4. Effect Size and 95% Confidence Intervals for the Chronic Ankle Instability
and Ankle Sprain Coper Comparison_____________________________________________
Study

Patient-Reported Outcome

Hedge’s g

Lower Limit

Upper Limit

0.55

1.91

R egion-Specific Instruments
Croy et a l.113

FAAM a

1.23

Plante & Wikstrom121

FAAM b

1.33

0.69

1.98

Steib et a l.128

FAAM C

1.22

0.53

1.91

Wright et al.131

FAAM d

1.22

0.59

1.85

FADIe

1.21

0.55

1.86

Brown et al. 2008 FAI112

FADIf

0.66

0.04

1.28

Wikstrom et al.53

FADIg

0.69

0.11

1.27

Croy e t a l.113
Plante & Wikstrom121

FAAM-Sport"
FAAM-Sport'

1.42
1.38

0.73
0.74

2.12
2.03

Steib et a l.128

FAAM-Sport3

1.26

0.57

Wright et al.131

FAAM -Sportk

1.73

1.05

1.96
2.40

FADI-Sport'

0.61
0.29

1.94
1.56

Brown eta l. 2008 M A I112

Brown et al. 2008 M A I112
Brown et al. 2008 FAI112

FADI-Sportm

1.27
0.93

Wikstrom et al.53

FADI-Sport"

0.75

0.16

1.34

Wikstrom et al.53

SRQAF0

1.16

0.55

1.77

Dim ension-Specific Instruments
TSK -17P
0.21
0.73
-0.30
Wikstrom'29
Abbreviations: FAI, Functional Ankle Instability; FAAM , Foot and Ankle Ability Measure; FADI, Foot and
Ankle Disability Index; MAI, Mechanical Ankle Instability; SRQAF, Self-Report Questionnaire o f Ankle
Function; TSK -17, Tampa Scale o f K inesiophobia-17.
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Table II.A.5. Effect Size and 95% Confidence Intervals for the Ankle Sprain Coper and
Healthy Comparison__________________________________________________________
Study

Patient-Reported Outcome

Hedge’s g

Lower Limit

Upper Limit

-0.87
-0.20
-0.33
-0.15
0.00
0.09
-0.70
-0.29
-0.02

0.38
1.05
0.83
0.99
1.27
1.36
0.45

Region-Specific Instruments
Croy et al.113

FAAM 3

-0.24

Plante & Wikstrom121

FAAM b

Wright et a l.l3i

FAAM C

0.43
0.25
0.42
0.64
0.73
-0.13
0.27
0.55

Wikstrom et al.53
Croy et al." 3

FADId
FAAM-Sporte

Plante & Wikstrom121

FAAM -Sportf

Wright et al.131

FAAM -Sport8

Wikstrom et al.53

FADI-Sporth

Wikstrom et al.53

SRQAF'

0.83
1.13

Abbreviations: FAAM , Foot and Ankle Ability Measure; FADI, Foot and Ankle Disability Index; SRQAF,
Self-Report Questionnaire o f Ankle Function
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Figure II. A. 1. Flow Chart o f the Study Selection Process

Databases Searched:
EBSCO Host (1965-M arch 2013)
(CINAHL, MEDLINE, SPORTDiscus)
PubMed Central (1965-M arch 2013)

Studies Retrieved
N = 344

Records After Duplicates Removed
N = 258

Additional Records Identified Through Hand
Search o f References, Authors, and
Instruments

Records Screened
N = 268
Studies Excluded by Title or Abstract
N = 144
Relevant Studies A ssessed for Eligibility
N = 124

Studies Excluded due to Redundant Data
(Brown 2011, Brown et al. 2011, Hale et al. 2007, Hubbard et al.
2007, Wikstrom et al. 2012, Kipp & Palmieri-Smith 2013)

N =6

Studies Excluded due to Exclusion Criteria
(i.e. lack o f a control group, no HRQ OL measure or the instrum ent
was used as inclusionary criteria for the study)

N = 91

Studies Included
N = 27
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Figure II.A.2. Forest Plot o f Hedge’s g Effect Sizes and 95% Confidence Intervals for the
Chronic Ankle Instability and Healthy Comparison. Letter superscripts correspond to
actual values reported in Table II.A.3.
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Figure II.A.3. Forest Plot o f Hedge’s g Effect Sizes and 95% Confidence Intervals for the
Chronic Ankle Instability and Ankle Sprain Coper Comparison. Letter superscripts
correspond to actual values reported in Table II.A.4.
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Figure II.A.4. Forest Plot o f Hedge’s g Effect Sizes and 95% Confidence Intervals for the
Ankle Sprain Coper and Healthy Comparison. Letter superscripts correspond to actual
values reported in Table II.A.5.
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CHAPTER II: PART B
HEALTH-RELATED QUALITY OF LIFE IN ATHLETES:
A SYSTEMATIC REVIEW

Introduction
Participation in interscholastic and intercollegiate athletics has drastically
29
increased in the past decade. ’ Despite the health benefits associated with physical
activity, those who participate in athletics are at risk for sports-related injuries. Following
injury, an individual experiences a range o f physical and psychosocial detriments.
Traditional examination o f sports-related injuries predominantly occurs via clinicianbased assessments such as range o f motion, strength, or balance. However, these
assessments do not provide insight into the patient’s perception o f their health status,32
nor do they always correlate with an individual’s overall health status.133137
Understanding what is most important to the patient facilitates whole-person health care.
Therefore, focus has shifted to patient-reported outcomes (PROs) to measure the patient’s
experience and values following medical treatments, interventions, and practices.
Professional orthopaedic and sports medicine organizations138' 142 have
emphasized the need for clinicians to utilize PROs in addition to standard clinician
assessments to further our understanding o f the short- and long-term consequences o f
injury and efficacy o f treatments. PROs are typically categorized as region-specific,
dimension-specific, and generic. Region-specific and dimension-specific PROs focus on
a particular body region, disease, or health dimension. Examples o f these often utilized in
sports medicine are the International Knee Documentation Committee (IKDC),143 Foot
and Ankle Ability Measure (FAAM),

and Disabilities o f the Arm, Shoulder and Hand
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(DASH).144 However, generic outcomes are broad in scope and typically focus on healthrelated quality o f life (HRQOL), a multi-dimensional approach to health care
encompassing social, physical, and psychological health components.26,145,146 HRQOL
has become an important component o f health surveillance. The utilization o f generic
instruments in clinical practice allows clinicians to identify HRQOL deficits post-injury
and track recovery throughout the rehabilitation process.
Several studies31,32,36,80-83 have utilized generic outcomes such as the Short
Form-36 (SF-36), Pediatric Outcomes Data Collection Instrument (PODCI), and the
Pediatric Quality of Life Inventory (PedsQL) to measure HRQOL in athletes and non
athletes as well as the impact o f sports-related injury on HRQOL. Although the evidence
suggests that normative values for athletic populations differ from the general
population,80-82 and between injured and uninjured athletes31,32, 36,83 this evidence has yet
to be synthesized. Therefore, the purpose o f this systematic review was to answer the
following questions: (1) Are there HRQOL differences between adolescent and collegiate
athletes and non-athletes? (2) Are there HRQOL differences between uninjured
adolescent and collegiate athletes and injured adolescent and collegiate athletes?
Methods
Search Strategy
A computerized literature search was completed in August 2013 utilizing:
EBSCO Host (CINAHL, MEDLINE, SportDiscus) and PubMed Central entries from
their inception through August 1, 2013. All authors reviewed the articles obtained by the
systematic search for inclusion. Titles and abstracts o f all articles were screened for
eligibility based on the criteria listed below. In cases o f eligibility uncertainty, the full
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text o f the manuscript was screened. In addition, a hand search o f the reference lists of
the articles screened for inclusion was performed to identify pertinent articles.
Criteria fo r Selecting Studies
Inclusion Criteria
The following criteria were used to select studies for inclusion in this systematic review:
•

Studies comparing HRQOL outcomes in athletes and non-athletes or in injured
and uninjured athletes.

•

Subjects were described as current interscholastic or intercollegiate athletes.

•

Healthy or uninjured subjects were defined as medically cleared for participation.

•

Injured subjects were defined as a self-reported recent injury or having a history
o f musculoskeletal injury or concussion.

•

Studies utilizing generic self-reported instruments (e.g., SF-36, PODCI) as their
primary outcome measure.

•

Studies published in the English language.

•

Studies published in peer-reviewed journals.

Exclusion Criteria
The following exclusion criteria were used to screen studies for this systematic review:
•

Articles that included retired athletes.

•

Articles that limited participants to those with chronic disease (e.g., asthma).

•

Articles that only used region-specific or dimension-specific instruments (e.g.,
IKDC, FAAM, DASH).

•

Articles that described the development o f an instrument to assess HRQOL.
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•

Editorials, commentaries, case studies, guidelines, conference proceedings, or
review articles.

Assessment o f Methodological Quality
An adapted 16-item version o f the original Downs and Black Quality Index106
described by Munn et al.

107

was used to assess the methodological quality o f the included

studies. The index encompasses components o f the Strengthening the Reporting of
Observational Studies in Epidemiology (STROBE) statement and has demonstrated high
internal consistency and inter-rater reliability.106 Based on the recommendations o f Munn
et al.
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studies meeting < 60% o f the criteria were deemed low quality, 60 - 74.9%

moderate quality, and > 75% high quality. Two reviewers (MNH and JMH)
independently performed the quality assessment for each o f the included studies and
disagreement was resolved by discussion or use o f a third reviewer (MCH). Percent
agreement was calculated to determine the agreement between the two reviewers.
Data Extraction and Statistical Analysis
The variables o f interest for this systematic review were generic PROs that
assessed HRQOL. For the purposes o f this review all studies that assessed HRQOL were
included, regardless o f which generic instrument was used. To determine if HRQOL is
better in athletes compared to non-athletes, studies that compared generic HRQOL
outcomes between an athletic population and a non-athletic population were included in
the analysis. Furthermore, to determine if HRQOL is better in uninjured athletes
compared to injured athletes, studies that compared generic HRQOL outcomes between
an uninjured athletic population and an injured athletic population were included in the
analysis. If a study addressed both questions, it was included in both analyses.

For both questions, Hedges g effect sizes and 95% confidence intervals were
calculated to examine the magnitude and precision o f differences between groups.108
Hedges g effect size is a unit-less measure and represents an effect that exists on a
parametric distribution.

1OS

For studies that reported non-parametric data, adaptation

methods from Hozo et al147 were used to estimate the mean and variance. A positive
effect size for Question I indicated better HRQOL in athletes as compared to non
athletes. A positive effect size for Question II indicated better HRQOL in uninjured
athletes as compared to injured athletes. Effect sizes were interpreted as weak (less than
0.40), moderate (0.41 and 0.69), or strong (greater than 0.70).109 In addition to statistical
comparisons, qualitative assessments o f effect size and confidence intervals were
performed by examining differences in effect size estimates or if the confidence interval
crossed zero.
Strength o f Recommendation
The strength o f recommendation for the included studies was assessed using the
Strength-of-Recommendation Taxonomy (SORT)- Strength-of-Recommendation
Grades.148 This taxonomy was used as a framework to assess the quality o f evidence used
to answer each question. The taxonomy includes ratings o f A, B, or C. Grade A evidence
represents a systematic review o f consistent, good-quality patient-oriented evidence.
Grade B evidence represents a systematic review o f inconsistent or limited-quality
patient-oriented evidence and grade C represents consensus for disease-oriented
evidence, usual practice, expert opinion, or case series. Patient-oriented evidence can be
defined as outcomes that would be o f importance to the patient, such as symptom
improvement and quality of life. As opposed to disease-oriented evidence, such as blood
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pressure or pathological findings, that may or may not reflect improvements in patient
outcomes.
Results
Literature Search
The initial search strategy (Figure II.B .l) retrieved 33 articles. O f the 24 articles
screened, 5 studies met the inclusion and exclusion criteria for this systematic review.
Two additional studies were identified through a hand search o f the references resulting
in a total o f seven eligible studies. The seven studies were classified into the following
categories based on group comparison: athletes and non-athletes (Table II.B.2) and
uninjured athletes and injured athletes (Table II.B.3). Four articles compared HRQOL in
athletes and non-athletes (Question I) and five articles compared HRQOL in uninjured
athletes and injured athletes (Question II).
Methodological Quality
Initially, the two reviewers agreed on 72.3% (81/112) o f the items on the
modified Downs and Black Index. Disagreements were resolved by discussion among the
reviewers and the use o f a third reviewer (MCH). Quality scores for the studies that
compared athletes and non-athletes ranged from 70.6%-82.4% with two high quality
studies (>75%) and two moderate quality studies (60-74.9%). Quality scores for the
studies that compared uninjured athletes and injured athletes ranged from 70.6%-88.2%
with three high quality studies (>75%) and two moderate quality studies (60-74.9%).
Data Synthesis
Question I
Four articles32,80-82 met the inclusion criteria to answer this question (Table
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II.B.2). The mean Downs and Black score for these articles was 75% ± 5.6%. O f the four
RO R9

articles, three '

provided sufficient data for the calculation o f effect sizes and 95%

confidence intervals (Figure II.B.2). O f the 14 comparisons examined, 12-point estimates
were positive, indicating HRQOL was better in athletes compared to non-athletes;
however, the 95% confidence interval o f 1-point estimate crossed zero.
Effect sizes and 95% confidence intervals are presented in Table II.B.4. PedsQL
effect sizes ranged from 0.35 to 0.48 suggesting a weak to moderate effect that athletes
report increased HRQOL on the PedsQL in comparison to non-athletes. None o f the
effect sizes calculated for the PedsQL-Total were negative nor did the 95% confidence
intervals cross zero. SF-36 effect sizes ranged from -0.02 to 0.75 favoring better HRQOL
in athletes. Weak to moderate effects (-0.02 to 0.54) were observed for SF-36 physical
component summary (SF-36 PCS) scores. O f the five physical health comparisons, fourpoint estimates were positive and none o f the associated confidence intervals crossed
zero. Weak to strong (0.29 to 0.75) effects were observed for SF-36 mental component
summary (SF-36 MCS) scores. All five o f the mental health point estimates were positive
and none o f the confidence intervals crossed zero indicating that athletes exhibit better
HRQOL on the SF-36 MCS in comparison to non-athletes. A weak effect (-0.12) was
observed for the only PODCI score calculated. Although the point estimate was negative,
suggesting that non-athletes report better HRQOL on the PODCI, the confidence interval
crossed zero.
Question II
Five articles31,32,36,80,83 met the inclusion criteria to answer this question (Table
II.B.3). The mean Downs and Black score for these articles was 77.6% ± 7.7%. All five
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articles31,32,36,80,83 provided sufficient data for the calculation o f effect sizes. O f the 25
comparisons examined, 23-point estimates were positive, indicating that HRQOL was
better in uninjured athletes compared to injured athletes; however, the 95% confidence
interval o f 9-point estimates crossed zero.
Effect sizes and 95% confidence intervals are presented in Table II.B.5. SF-36
effect sizes ranged from -0.09 to 3.34 favoring better HRQOL in uninjured athletes.
Weak to strong effects (0.08 to 3.34) were observed for SF-36 PCS. All 12 physical
health point estimates were positive; however, 4 o f the confidence intervals crossed zero.
For the SF-36 MCS, weak effects (-0.09 to 0.38) were observed. O f the 12 mental health
comparisons, 10-point estimates were positive; however, 5 o f the confidence intervals
crossed zero. Overall, the effect sizes for mental and physical components o f the SF-36
suggested that uninjured athletes exhibit better HRQOL in comparison to injured athletes.
A strong effect (4.40) was observed for the only PODCI comparison. The positive point
estimate and the 95% confidence interval did not cross zero, suggesting uninjured
athletes report better HRQOL on the PODCI than injured athletes.
Strength o f Recommendation
For Question I, there is Grade A evidence that suggests athletes report better
HRQOL than non-athletes. This recommendation is based off o f consistent findings of
two high quality studies and two moderate quality studies. For Question II, there is Grade
A evidence that suggests uninjured athletes report better HRQOL than injured athletes.
This recommendation is based off o f consistent findings o f three high quality studies and
two moderate quality studies.
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Discussion
The purpose o f Question I was to determine if HRQOL was better in athletes
compared to non-athletes. The results o f our systematic review demonstrate Grade A
evidence that HRQOL is better in athletes than non-athletes. Four o f the seven studies ’
on

included in the review compared generic HRQOL outcomes between athletes and
non-athletes. Although data from McAllister et al.32 could not be used to calculate effect
sizes between groups; 12 o f 14-point estimates calculated were positive suggesting that
athletes report better HRQOL. The positive effect sizes imply that involvement in
athletics may benefit overall health status. In addition, the differences noted suggest that
normative values for HRQOL may not be accurate for athletes, as most have been
established in non-athletic populations.149' 151 Accordingly, normative values should be
established in athletic populations to ensure a complete and proper recovery following
injury.
Within Question I, two studies32,80 compared SF-36 outcomes between collegiate
athletes and non-athletes. In a sample o f 562 NCAA Division-I athletes, McAllister et
al.

found that athletes reported increased emotional role (p<.001) and mental health

(p<.002) when compared to sex- and age-matched norms o f the general U.S. population.
However, in a larger sample (n=696), Huffman et al.80 reported that NCAA athletes
exhibit better HRQOL on all domains o f the SF-36 except for bodily pain (p=0.05) when
compared to a similarly aged sample from the U.S. general population. Although the
effect size for bodily pain in this review was positive, the confidence interval for bodily
pain encompassed zero suggesting that athletes may report lower bodily pain scores.
Consistent with the findings o f this review, both collegiate studies32,80 concluded that
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athletes exhibit better HRQOL on the SF-36 in comparison to previously established
normative data for the general population.
The other two studies81,82 that answered Question I compared HRQOL in
adolescent athletes and non-athletes. Both studies concluded that adolescent athletes
report increased generic HRQOL, however our point estimates for the PODCI and SF-36
PCS were negative. Although point estimates for the PODCI and SF-36 PCS were
negative, suggesting that non-athletes report better HRQOL, the effects observed were
weak and the confidence intervals crossed zero. Therefore, the results should be
interpreted with caution. The weak effect may be attributed to our use o f summary scores
in the effect size calculations. The PODCI Global score is a summary o f all subscale
scores and athletes reported lower scores on pain/comfort and basic mobility subscales.
Similarly, the SF-36 PCS is a summary o f physical health and athletes reported
significantly lower scores for bodily pain. These findings further support Huffman et
al.’s80 lack o f bodily pain differences between collegiate and non-collegiate athletes
suggesting that athletic participation may generate a negative physical impact on the
body. Consistent with the findings o f this review, adolescent athletes reported
significantly better HRQOL on a number o f subscales pertaining to mental, emotional,
and physical well-being in comparison to non-athletes. However, athletes may perceive
bodily pain and basic mobility differently due to the physical impact o f athletics on the
body, particularly the risk o f sports-related injury.
The purpose o f Question II was to determine if HRQOL was better in uninjured
athletes compared to injured athletes. The results o f our systematic review demonstrate
Grade A evidence that HRQOL is better in uninjured athletes than injured athletes. Five
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o f the seven studies ’ ’ ’ ’

included in the review compared generic HRQOL

outcomes between uninjured athletes and injured athletes. Point estimates for 23 o f 25
comparisons were positive, suggesting that uninjured athletes report better HRQOL on
generic instruments. The differences noted between uninjured athletes and injured
athletes suggest that injury may negatively impact overall health status.
Within Question II, three studies32,80,83 compared generic HRQOL outcomes
between uninjured collegiate athletes and injured collegiate athletes. In agreement with
the findings o f this review, Huffman et al.80 reported that uninjured athletes exhibited
better HRQOL in all eight domains o f the SF-36 in comparison to injured athletes.
Similarly, McAllister et al.

reported that uninjured athletes reported better HRQOL on

the SF-36 than athletes with a significant or mild injury. However, two o f the point
estimates calculated for McAllister et al.32 were negative suggesting that injured athletes
report better HRQOL. These negative point estimates may be attributed to the type o f
injuries reported. Although the overall effect was weak, the two negative point estimates
were comparisons made between uninjured athletes and athletes with a “mild” injury.
Mild was defined as injuries that had minimal or no effect on participation, practice, or
play.

32

Therefore, a mild injury may not have been significant enough to impact the

athlete’s HRQOL. Kuehl et al.83 took a slightly different approach and focused on
differences between athletes with and without a history o f concussion. Even though all
four o f the concussion point estimates were positive for the SF-36, the confidence
intervals crossed zero suggesting that these findings be interpreted with caution. It
appears as though the number o f previous concussions influence HRQOL as effect sizes
were stronger for athletes with a history o f three or more concussions as opposed to
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individuals with a history o f one or two concussions. Although the definition o f injured
athlete varied, the evidence still suggests that uninjured athletes report better HRQOL
than collegiate athletes with a current injury, history o f musculoskeletal injury, or history
o f sports-related concussion.
The other two studies31’36 that answered Question II compared HRQOL in
uninjured and injured adolescent athletes. The same primary investigator compared
adolescent athletes with a recent musculoskeletal injury to uninjured athletes31 and
athletes with a self-reported history o f concussion to athletes with no history o f
concussion.36 Although all five-point estimates were positive, the SF-36 PCS confidence
interval crossed zero for athletes with a history o f concussion36 and the SF-36 MCS
confidence interval crossed zero for athletes with a musculoskeletal injury.31 From these
findings we can speculate that concussions may only impact mental components o f
HRQOL leaving physical components unscathed. Accordingly, musculoskeletal injuries
may only impact physical components o f HRQOL and have minimal mental impact. In
general, the evidence obtained to answer Question II suggests that both uninjured
collegiate and adolescent athletes report better HRQOL than injured athletes.
Practical Implications
Overall, the results o f this systematic review indicate that athletes report better
HRQOL than non-athletes and that uninjured athletes report better HRQOL than injured
athletes. While athletic participation appears to improve overall health status, the impact
o f sports-related injury has the potential to decrease HRQOL. Therefore, clinicians
should monitor HRQOL post-injury to ensure a complete recovery. However, knowing
that athletes report better HRQOL than non-athletes, clinicians should establish baseline
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scores during pre-season or utilize instruments that have established normative values for
on

an athletic population.

The utilization o f baseline HRQOL outcomes or appropriate

normative values will allow clinicians to identify potential deficits post-injury and track
recovery during the rehabilitation process.
To further understand HRQOL differences between athletes and non-athletes as
well as the impact o f injury on athletes more research is needed. Future research should
examine other generic measures o f HRQOL, such as the Disablement in the Physically
Active Scale (DPA),132 and expand to other dimensions o f HRQOL, such as regionspecific and dimension-specific outcomes. Utilizing instruments like the DPA that are
specifically designed for athletic populations, in combination with other outcomes that
target different dimensions o f health, may help elucidate the most meaningful deficits.
Future research should also examine the influence o f factors such as time since injury,
injury severity, injury location, and years o f participation on HRQOL. Additionally,
injury data should be collected prospectively to avoid recall bias.
Limitations
This systematic review was designed based on the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) guidelines, however limitations still
need to be addressed. The electronic searches were conducted in databases considered to
be the most relevant to HRQOL and athletes and were followed by a hand search o f
references in identified studies; however it is possible that other evidence is available.
Our search was also limited to studies published in English and peer-reviewed journals
but we do not believe any relevant articles were excluded with these search parameters.
In regards to our statistical analyses, effect sizes for Question I could not be calculated
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for McAllister et al.32 Additionally, non-parametric data from McLeod et al.31 was
converted to parametric data in order to calculate effect sizes. Furthermore, one study80
did not report summary scores for the SF-36 so effect sizes for all subscales had to be
computed. Subscale scores from the other studies were removed from the analyses to
avoid redundant information. Lastly, three studies32,80,82 included in this review used
normative data for their non-athlete and uninjured groups which may have been outdated
or influenced by geographic location.
Conclusions
A systematic search o f the literature revealed seven studies that compared
HRQOL outcomes in athletes and non-athletes and injured and uninjured athletes. All
four o f the studies that compared HRQOL in athletes and non-athletes found that athletes
reported better HRQOL on generic instruments. The five studies that compared HRQOL
in injured and uninjured athletes found that uninjured athletes reported better HRQOL on
generic instruments. The evidence obtained from this review suggests that HRQOL
differs in athletes and non-athletes and in uninjured and injured athletes. Such differences
should be taken into consideration when providing health care for an athletic population.
Furthermore, knowing HRQOL differences exist on generic instruments should promote
the use o f region-specific and dimension-specific instruments in research and clinical
care.
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Table II.B.l. Search Strategy
Step
Search Terms
1
2

Health-related quality o f life
Adolescent
High school
Interscholastic
Adult
College
Intercollegiate
NCAA
Athletes
1,3
1, 2, 3

Boolean
Operator
OR

EBSCO Host

PubMed

5,365
420,825

18,102
4,903,768

3
51,985
AND
4
23
AND
5
17
Duplicates
T o ta l number of duplicates between EBSCO Host and PubMed

19,743
16
16
*9

Table II.B.2. Methodological Summary for Question I
Authors

Quality Index
Score (%)

Study Design

Lam et al.*"
(2013)

70.59

Cross-sectional

Snyder et al.81
(2010)

82.35

Cross-Sectional

Huffman et al.80
(2008)

70.59

Cross-Sectional

M cAllister et al.32
(2001)

76.47

Cross-Sectional

Inclusion Criteria

No. Athletes

No. N on-athletes

HRQ O L Outcom e

A dolescent (age 14-18) athletes
cleared for participation in an
interscholastic sport that did not
report a current injury or illness.
High school students who reported
participation in a school sponsored
interscholastic or club sport.
N C A A D ivision I and II athletes
w ho had been cleared for
participation.
D ivision I collegiate athletes w ho
reported no current injuries.

2,659

1,464
(V am i et a l.152)

PedsQL

219

106

SF-36
PODCI

696

Norm ative Data

SF-36

404

N orm ative Data

SF-36

Abbreviations: HRQOL, Health-Related Quality o f Life; NCAA, National Collegiate Athletic Association; PedsQL, Pediatric Quality
of Life Inventory; PODCI, Pediatric Outcomes Data Collection Instrument; SF-36, Short form-36

Table II.B.3. Methodological Summary for Question II
Study
M cLeod et al.31
(2009)
Huffman et a l . 80
(2008)

M cAllister et a l . 32
(2001)
Kuehl et al.83
(2010)
M cLeod et al.36
(2010)

Quality Index
Score (%)

Study Design

70.59

Cross-sectional

70.59

Cross-sectional

76.47

Cross-sectional

82.35

Cross-sectional

88.24

Cross-sectional

Inclusion Criteria

Injured
Athletes (n)

Uninjured
A thletes (n)

HRQ O L
Outcom e

A dolescent athletes with a self-reported
history o f an injury w ithin the past week.
N C A A D ivision I and II athletes that
reported having a previous injury but
were cleared for active participation at the
tim e o f survey administration.
D ivision I collegiate athletes with a selfreported history o f a current injury.
Intercollegiate athletes with a selfreported history o f concussion.
High school students with a self-reported
history o f concussion.

45

160

390

244

SF-36
PODCI
SF-36

158

404

SF-36

133

169

SF-36

140

126

SF-36

Abbreviations: HRQOL, Health-Related Quality o f Life; NCAA, National Collegiate Athletic Association; PODCI, Pediatric
Outcomes Data Collection Instrument; SF-36, Short Form-36
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Table II.B.4. Effect Sizes and 95% Confidence Intervals for Question I
Study

HRQOL Instrument

Lam et al.82

PedsQL Total (14y.o.)a

Lam et al.82

PedsQL Total (15y.o.)h
PedsQL Total (16y.o.)c

Lam et al.82
Snyder et al.81

SF-36 PCSd

Huffman et al.80

SF-36 Physical Functioning6

Huffman et al.80

SF-36 Physical R olef

Huffman et al.80

SF-36 Bodily Pain6

Huffman et al.80

SF-36 General Health11

Snyder et al.81

SF-36 MCS'

Hedge’s g
0.35
0.48
0.37

Lower Limit
0.21
0.35
0.18

Upper Limit
0.49
0.62

-0.02
0.52
0.27

-0.25

0.21
0.68
0.44
0.33
0.71
0.52
0.60
0.92
0.90
0.80
0.11

0.17
0.54

0.35
0.10
0.00
0.37
0.05
0.27
0.58

Huffman et al.80

SF-36 Vitality1

Huffman et al.80

SF-36 Social Functioning8

0.29
0.44
0.75

Huffman et al.80

SF-36 Emotional R ole1

0.73

0.56

Huffman et al.80

SF-36 Mental Health"1

0.63

PODCI Global"

-0.12

0.46
-0.35

Snyder et al.81

0.55

Abbreviations: PedsQL, Pediatric Quality o f Life Inventory; PODCI, Pediatric Outcomes
Data Collection Instrument; SF-36, Short Form-36; SF-36 PCS, Physical Component
Summary; SF-36 MCS, Mental Component Summary
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Table II,B.5. Effect Sizes and 95% Confidence Intervals for Question II
HRQOL Instrument

Hedge’s g

Lower Limit

Upper Limit

Kuehl et al.83 (3+ Concussions)

SF-36 PCS3

0.31

-0.04

0.65

Kuehl et al,83 (1-2 Concussions)

SF-36 PCSb

0.08

-0.17

0.34

Huffman et al.80
Huffman et al.80

SF-36 Physical Functioning0

0.17

0.01

0.33

SF-36 Physical Roled

0.18

0.02

0.34

Huffman et al.80

SF-36 Bodily Paine

0.48

0.32

0.65

Huffman et al.80

SF-36 General Healthf

0.23

0.07

0.39

Study

M cAllister et al.32 (Serious-Men)

SF-36 PCS8

1.13

0.68

1.57

M cAllister et al.32 (Mild-Men)

SF-36 PCSh

0.40

0.11

0.68

M cAllister et al.32 (Serious-W omen)

SF-36 PCS1

0.70

0.29

1.11

M cAllister et al.32 (M ild-W omen)

SF-36 PCSJ

0.29

-0.04

0.61

McLeod et al. 200931

3.34

McLeod et al. 201036

SF-36 PCSk
SF-36 PCS1

0.08

2.88
-0.16

3.80
0.32

Kuehl et al.83 (3+ Concussions)

SF-36 M CSm

0.30

-0.04

0.65

Kuehl et al.83 (1-2 Concussions)
Huffman et al.80

SF-36 MCS"

0.05

-0.20

0.30

SF-36 Vitality0

0.21

0.05

0.37

Huffman et al.80

SF-36 Social Functioningp

0.28

0.12

0.44

Huffman et al.80

SF-36 Emotional Roleq

0.16

0.00

0.32

Huffman et al.80

SF-36 Mental Health0

0.17

0.01

0.33

M cAllister et al.32 (Serious-M en)
M cAllister et al.32 (M ild-M en)
M cAllister et al.32 (Serious-W omen)

SF-36 MCSS
SF-36 MCS'
SF-36 MCSU

0.38
-0.09
0.19

-0.06
-0.37
-0.22

0.82
0.20
0.59

M cAllister et al.32 (M ild-W omen)

SF-36 M CSV
SF-36 MCSW

-0.08
0.21

-0.41

0.24

McLeod et al. 200931

0.54

McLeod et al. 2 0 1036

SF-36 M CS11

0.33

-0.12
0.08

McLeod et al. 200931

PODCI GlobaP

4.40

3.86

4.94

0.57

Abbreviations: PODCI, Pediatric Outcomes Data Collection Instrument; SF-36, Short Form-36;
SF-36 PCS, Physical Component Summary; SF-36 MCS, Mental Component Summary
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Figure II.B .l. Flow Chart o f the Study Selection Process

Databases Search:
EBSCO Host (1965-A ugust 2013)
(CINAHL, MEDLINE, SPORTDiscus)

PubMed Central (1965-A ugust 2013)

Additional Records Identified Through
Hand Searches
N = 2

Studies Retrieved
N = 33

>f
Records After Duplicates Removed
N = 24

Records Screened
N = 26
Studies Excluded by Title or Abstract
N = 19

Relevant Studies A ssessed for Eligibility
N = 7

Studies Included in Qualitative Analysis
N = 7

Studies Comparing Athletes to
Non-athletes (Question I)
N =4

Studies Comparing Uninjured Athletes to
Injured Athletes (Question II)
N = 5
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Figure II.B.2. Forest Plot o f Hedge’s g Effect Sizes and 95% Confidence Intervals for
Question I. Letter superscripts correspond to actual values reported in Table II.B.4.
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Figure II.B.3. Forest Plot o f Hedge’s g Effect Sizes and 95% Confidence Intervals for
Question II. Letter superscripts correspond to actual values reported in Table II.B.5.
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CHAPTER III
PROJECT I: HEALTH-RELATED QUALITY OF LIFE IN
INDIVIDUALS WITH CHRONIC ANKLE INSTABILITY

Introduction
Individuals around the globe engage in physical activity for personal interest or
general health and fitness, subjecting the ankle to various conditions in which injury
could occur. Roughly half of all ankle sprains in the United States occur during athletic
activity 46,47 and an estimated three million patients seek treatment in hospital emergency
rooms or in a physician’s office each year.48 Within the past decade, ankle sprains have
represented approximately 80% o f ankle injuries in athletics49,50 and military cadets46
resulting in immense health-care costs. To further contribute to the problem, up to 74% of
patients that sustain a single ankle sprain go on to develop residual symptoms that may
persist years after the initial injury,94 with many developing chronic ankle instability
(CAI).13,96,153 CAI or recurring ankle sprains and repetitive giving way o f the ankle
during functional activities has been linked to both mechanical and functional
impairments.55 These impairments are thought to contribute to long-term limitations and
restrictions in recreational and occupational activities that consequently impact healthrelated quality o f life (HRQOL).13,154
Encompassing social, physical, and psychological health components, HRQOL is
a multi-dimensional approach to health care26 that has become an integral part o f health
surveillance. Due to the multi-dimensional nature of HRQOL, a variety o f self-reported
instruments have been designed to measure generic, region-specific, and dimension-
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specific health components. Generic instruments are non-specific to body region or
condition and designed to assess the patient’s overall health whereas region-specific
instruments can be specific to a joint or region o f the body such as the lower extremity.27
Dimension-specific instruments capture specific medical conditions or health dimensions
such as pain or fear o f re-injury. Fear o f re-injury is the concept o f fear following injury
including but not limited to kinesiophobia, fear-avoidance beliefs, or re-injury anxiety.
Self-reported instruments enhance the clinician’s ability to incorporate patient values and
perspectives and are a vital component to the evidence-based practice (EBP) model.

91

CAI has been associated with decreased HRQOL based on generic and regionspecific outcomes.34,51 Individuals with CAI have reported decreased generic function on
the Short Form-36 (SF-36).51 Furthermore, Arnold et al.51 found a moderate positive
correlation between SF-36 physical function domain scores and the Foot and Ankle
Ability Measure (FAAM), a region-specific measure o f function that includes both
activities o f daily living (FAAM-ADL) and sport subscales (FAAM-Sport). This
relationship suggests that CAI may reduce overall HRQOL. Individuals with CAI have
also reported decreased function on other region-specific instruments such as the Ankle
Joint Functional Assessment Tool (AJFAT), Foot and Ankle Disability Index (FADI),
and FADI-Sport.34,52-54 Using a variety o f self-reported instruments, both generic and
region-specific deficits have been detected in physically active individuals with CAI.
Despite identifying generic and region-specific HRQOL deficits in those with
CAI, considerably more research is required to determine the extent to which CAI
influences the multidimensional profile o f HRQOL. Therefore, examining generic
function using a scale designed for physically active individuals or dimension-specific
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measures, such as kinesiophobia and fear-avoidance beliefs, could reveal more about the
condition. Scores on the Disablement in the Physically Active Scale (DPA), Tampa Scale
o f Kinesiophobia-11 (TSK-11), and Fear-Avoidance Beliefs Questionnaire (FABQ) have
yet to be examined in this population. However, using the TSK -11 Lentz et al41 identified
kinesiophobia as a contributor to lower-extremity disability in those with various foot and
ankle pathologies. The relationship between generic, region-specific, and dimensionspecific self-reported outcomes needs further exploration in individuals with CAI.
Utilizing instruments that encompass the multidimensional profile o f HRQOL will
enhance the clinician’s ability to incorporate patient values and perspectives into
rehabilitation and outcome assessments.
CAI has been linked to long-term, residual symptoms that affect daily life and
sport activity.13 While fear o f re-injury has been associated with a variety o f orthopedic
conditions40,42,89,155 there is little evidence to support the presence o f kinesiophobia or
fear-avoidance beliefs in patients with CAI. Wikstrom129 reported that TSK-17 scores
did not differ between individuals with CAI and copers, however both groups reported
elevated levels o f kinesiophobia. Left unaddressed, generic and region-specific functional
deficits as well as fear o f re-injury may contribute to long-term consequences associated
with CAI such as degenerative joint disease11 and decreased physical activity13 which
may predispose these individuals to other hypokinetic diseases. Therefore, the primary
purpose o f this investigation was to determine if generic, region-specific, and dimensionspecific health outcomes differ between individuals with and without CAI. The secondary
purpose was to examine relationships between instruments and between injury history
characteristics and instrument scores in the CAI group. We hypothesized that individuals

77

with CAI would exhibit decreased generic and region-specific function and an increase in
fear o f re-injury characteristics, such as kinesiophobia and fear-avoidance beliefs, in
comparison to healthy individuals. Additionally, relationships would exist between
health-related outcome instruments and between injury history characteristics and
instrument scores.
Methods
This investigation used a case-control design to examine differences between
individuals with and without CAI. The independent variable was group (CAI and
healthy) and the dependent variables included generic (DPA), region-specific (FAAMADL and FAAM-Sport), and dimension-specific (TSK-11 and FABQ) health-related
outcomes.
Participants
Twenty-five physically active participants with CAI (7 males, 18 females,
age=21,9±2.5 years, height=170.2±9.1 cm, m ass-70.0±11.4 kg) were gender and limb
matched to twenty-five physically active participants with no history o f ankle sprain (7
males, 18 females, age=22.0±2.1 years, height=167.4±9.1 cm, mass=64.8±l 1.2 kg). All
participants reported a score o f four or greater on the National Aeronautics and Space
Administration (NASA) Physical Activity Scale. Median scores on the NASA Physical
Activity Scale for the CAI and healthy group were 6.5 and 6 respectively, indicating
these individuals participated in physical activity 1 to 3 hours per week. Participants were
included in the CAI group if they reported a history o f at least one lateral ankle sprain,
two episodes o f “giving way” in the past three months, and answered “yes” to four or
more questions on the Ankle Instability Instrument (All). Participants were excluded if
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they reported having an ankle sprain in the previous six weeks, a lower extremity injury
in the past six months, or any history o f lower extremity surgery. In the event o f bilateral
CAI, the ankle with the most reported episodes o f giving way on the A ll was considered
the involved limb for the purposes o f this study. Participant characteristics are reported in
Table III. 1. All participants completed an informed consent document approved by the
University’s Institutional Review Board.
Procedures
All participants reported to the laboratory for a single testing session. After
reading and signing the informed consent document, participants completed the All,
NASA Physical Activity Scale, FAAM-ADL, FAAM-Sport, FABQ, TSK -11, and DPA
instruments in the aforementioned order. The A ll and NASA Physical Activity Scale
were used as inclusionary instruments. The TSK -11 and FABQ were used to quantify
fear o f re-injury and the FAAM and DPA, region-specific and generic function,
respectively. The investigators administered the survey instruments in paper format.
Participants were asked to complete all seven instruments as instructed by the directions
at the top o f each page. The investigator did not provide further explanation unless the
participant asked for clarification in which the investigator attempted to provide an
unbiased response. Following completion, the primary investigator examined the
instruments for missing items and asked the participant to respond to any identified cases.
The primary investigator scored all o f the survey instruments for analysis based on the
guidelines established for each instrument.
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Instrumentation
Disablement in the Physically Active Scale
The DPA

I ^7

is a 16-item generic outcome instrument designed by athletic trainers

for physically active individuals. The multidimensional scale is rooted in both current
disablement and HRQOL paradigms. Responses are based on a 5-point Likert scale
ranging from ‘no problem’ to ‘severe.’132 Each item is weighted equally, and DPA scores
range from 0 to 64 with higher scores indicating increased disablement. High test-retest
reliability (ICC^O.943) and internal consistency (a=0.890-0.908) values have been
reported for the DPA.132
Foot and Ankle Ability Measure
The FAAM is a region-specific instrument designed to quantify activity
limitations and participation restrictions associated with foot and ankle conditions.33
Comprised o f two subscales, the FAAM-ADL contains 21 items while the FAAM-Sport
scale contains eight items. All items are scored on a 5-point Likert scale (0-4) from ‘no
difficulty at all’ to ‘unable to do’. Scores range from 0-84 (FAAM-ADL) and 0-32
(FAAM-Sport) and are transformed into percentages, with 100% representing no
functional loss. Test-retest reliability for the FAAM-ADL and Sport were 0.89 and 0.87,
respectively.33 Internal consistency for the FAAM-ADL and Sport were 0.98 and 0.96.33
Tampa Scale o f Kinesiophobia- 11
The TSK -11 is an 1 l-item questionnaire designed to assess fear o f movement/re
injury while offering the advantage o f brevity. All items are based on a 4-point Likert
scale in which patient options range from ‘strongly disagree’ to ‘strongly agree’. TSK -11
scores range from 11 to 44 with higher scores indicating a higher degree o f
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kinesiophobia. Although a shortened-format, the TSK-11 has demonstrated similar factor
structure, internal consistency (a=0.79), test-retest reliability (ICC=0.81), and validity to
the original TSK-17.156 The shortened-version has been used extensively in orthopedic
populations, including low back pain,156 neck and shoulder pain,157’158 and lowerextremity disability.39
Fear-Avoidance Beliefs Questionnaire
The FABQ

is a 16-item questionnaire designed to assess fear-avoidance beliefs.

Each item is scored on a 7-point Likert scale from ‘completely disagree’ to ‘completely
agree’. FABQ scores range from 0 to 66 with higher scores representing increased fearavoidance beliefs. High test-retest reliability (ICC=0.77-0.90) and internal consistency
(a=0.79-0.91) have been reported for the instrument.159
Statistical Analyses
Separate Mann-Whitney U tests were used to determine if differences existed in
generic, region-specific, and dimension-specific health-related outcomes between
individuals with and without CAI. The significance level was set at p<0.01 to adjust for
multiple comparisons. As a secondary analysis, Spearman’s rho correlations were used to
examine relationships between instruments, as well as, between instruments and injury
history characteristics in the CAI group. Correlation coefficients o f 0.01 to 0.39 were
interpreted as weak relationships, 0.40 to 0.69 moderate, and 0.70 to 1.0 strong.160 The a
level for correlations was set at p<0.05. All analyses were conducted using the SPSS
program (version 21.0; SPSS Inc, Chicago, IL).

81

Results
Significant differences were identified between the CAI group and healthy group
for generic, region-specific, and dimension-specific health-related outcomes (Table III.2).
Compared with healthy individuals, those with CAI reported decreased function on the
FAAM-ADL, FAAM-Sport, and DPA (p<0.001). Individuals with CAI also reported
increased fear o f re-injury on both the TSK-11 and FABQ (p<0.001). Within the CAI
group, Spearman’s rho correlations between outcomes revealed a strong positive
correlation between the FAAM-ADL and FAAM-Sport (r=0.774; p<0.01). No other
significant correlations were identified between instruments (p>0.05). Correlation
coefficients between each instrument are presented in Table III.3.
Discussion
Our primary purpose was to determine if generic, region-specific, and dimensionspecific health-related outcomes differed between individuals with and without CAI. We
also examined relationships between outcome scores, as well as, between outcome scores
and injury history characteristics within the CAI group to determine if there was any
association between instruments. Overall, we found that individuals with CAI report
decreased generic and region-specific function as well as increased fear o f re-injury in
comparison to healthy individuals. Additionally, within the CAI group we identified a
strong positive relationship between the FAAM-ADL and FAAM-Sport but no other
significant relationships were identified between instruments.
Between Group Comparisons
We hypothesized that individuals with CAI would display generic and regionspecific deficits in addition to heightened fear o f re-injury characteristics such as
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kinesiophobia and fear-avoidance beliefs. Our results confirmed this hypothesis as
individuals with CAI reported lower scores on the FAAM and higher scores on the DPA,
FABQ, and TSK-11 (Table III.2). Although other investigations34' 51,52 have reported
decreased generic and region-specific functional scores in individuals with CAI, to our
knowledge no one has examined generic function using an instrument designed for
physically active individuals or fear o f re-injury in this population. Our results are in
agreement with findings in other populations such as athletes with musculoskeletal
injuries,132 individuals with patellofemoral pain,161 patients post ACL-reconstruction162
and a variety o f other orthopedic conditions.163165 These findings highlight the need to
evaluate function local to the ankle, as well as, globally to fully understand the scope of
HRQOL changes in patients with CAI.
The results o f our investigation suggest that CAI influences dimension-specific
health-related outcomes associated with fear o f re-injury and fear avoidance beliefs.
While others have measured generic and region-specific function in this population, only
one study has examined fear o f re-injury. Wikstrom

1 7Q

compared fear o f re-injury using

the original TSK-17 (score range=17-68) in ankle sprain copers (TSK-17=30.5±5.7) and
individuals with CAI (TSK-17=31.6±4.4) and reported that kinesiophobia scores do not
differ between groups (Cohen’s d effect size=0.22). Rather than interpret these findings
as insignificant or clinically relevant, it may be that both groups reported elevated levels
of kinesiophobia. The elevated TSK-17 scores in both CAI and coper groups suggests
that kinesiophobia may still be present in ankle sprain copers even though they may have
resumed physical activity levels without limitation and additional injury. In the current
study, we used a healthy control (TSK-11=13.4±2.7) group to compare to individuals
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with CAI (TSK-11=19.1±4.3) using the TSK -11 (score range=l 1-44) and identified a
large magnitude o f difference between groups (Cohen’s d effect size = 1.59). The
heightened fear o f re-injury scores reported by individuals with a history o f ankle sprain
reiterates the importance o f assessing the multidimensional profile o f HRQOL. Overall,
these studies suggest that fear o f re-injury should be further examined in individuals with
a history o f ankle sprain.
Relationships in the Chronic Ankle Instability Group
We hypothesized that relationships would exist between health-related outcome
instruments. We observed a strong positive correlation (r=0.774) between the FAAM
subscales. The correlation between the subscales suggests they measure similar
constructs which is logical since they are both assessing activity limitations and
participation restrictions specific to the foot and ankle. However, there were no
significant relationships between generic, region-specific, or dimension-specific
outcomes. The weak correlation between generic and region-specific instruments
suggests that the DPA and FAAM are measuring different aspects o f function and that
both should continue to be used. Furthermore, the weak correlation between the TSK -11
and FABQ suggests these outcomes capture different aspects o f fear o f re-injury and both
should continue to be used. Overall, these finding suggests that generic, region-specific,
and dimension-specific health-related outcomes should be assessed in individuals with
CAI utilizing a variety o f outcome instruments.
Finally, the number o f previous ankle sprains, episodes o f giving way, or physical
activity level did not significantly correlate to any instruments. While we believe our
sample represented individuals across the continuum o f CAI it does not appear basic
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injury history characteristics greatly influenced the instrument scores in this study.
Examining how more specific functional and mechanical impairments contribute to
generic, region-specific, and dimension-specific HRQOL may provide more insight into
HRQOL deficits. For example, Hubbard et al.57 identified a strong relationship between
ankle laxity and region-specific function using the FADI and FADI-Sport. As scores on
the FADI (r=-0.65) and FADI-Sport (r=-0.88) decreased, anterior laxity increased.
Moderate negative correlations were also identified between FADI (r=-0.53) and FADISport (r= -0.45) scores and inversion laxity. This suggests that relationships may exist
between mechanical and functional deficits and health-related outcomes which should be
explored in future investigations.
Clinical Implications
Limited evidence exists for generic51 and fear o f re-injury outcomes in individuals
with CAI, but based on the results o f this investigation, these elements may be critical to
understanding the consequences o f clinical interventions. In our investigation, individuals
with CAI reported functional deficits and fear o f re-injury in relationship to their unstable
ankle. Left unaddressed, such components may contribute to long-term consequences
associated with the condition. While the exact cause o f the reported deficits is unknown,
previous investigators have shown that various rehabilitation techniques improve regionspecific measures o f function.61'63 Hence, region-specific measures o f function appear to
be modifiable. To our knowledge no one has examined the influence o f ankle instability
rehabilitation techniques on generic outcomes or fear o f re-injury. To evaluate treatment
efficacy and better monitor patient status, clinicians should utilize generic, regionspecific, and dimension-specific outcomes.
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To provide a clinical interpretation o f our findings we examined our data in the
contexts o f minimal detectable change (MDC) and minimal clinically important
difference (MCID) scores when reported in the literature. The MDC indicates the amount
o f change required to exceed measurement variability.166 Whereas the MCID indicates
the smallest difference that a patient perceives as a change in health status.167 In
individuals with CAI, MDC scores o f 3.96%62 and 7.9%62 have been reported for the
FAAM-ADL and FAAM-Sport, respectively. The median difference between groups in
the current study was 9% for the FAAM-ADL and 12% for the FAAM-Sport, indicating
that these subjects not only displayed significant differences compared to the healthy
group but that there is room for clinically meaningful improvement. For the DPA,
physically active individuals with persistent injuries had an MDC score o f 4.21 and an
MCID score o f 9 points.132 Again, the median difference o f 14 points between our groups
exceeded both scores indicating that subjects with CAI displayed significantly lower
HRQOL compared to the healthy group but also the possibility for clinically meaningful
improvement exists on this instrument as well. The MDC and MCID scores for the TSK11 and FABQ have not been reported for individuals with CAI or a population similar to
the physically active individuals included in this study and should be a consideration for
future research.
Limitations
The present study was not without limitations. First, due to the retrospective study
design a causal link cannot be made between CAI and decreased health-related outcomes.
Second, the data was collected from a sample o f physically active individuals between
the ages o f 18 and 30, thus our results are not applicable to younger or older cohorts of
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individuals with CAI. Similarly, more homogenous groups o f individuals with CAI such
as elite or collegiate athletes may respond differently than general physically active
individuals. In addition, some o f the participants had a history o f bilateral ankle sprains or
instability that may have contributed to decreased generic function or increased fear o f
re-injury. O f our sample o f individuals with CAI, 6 reported bilateral CAI, 4 reported
unilateral CAI, and 15 reported a range o f bilateral ankle sprain histories. An exploratory
analysis between those with bilateral and unilateral instability indicated that there were
no differences in DPA (p=0.48), TSK-11 (p=0.61), or FABQ (p=0.07) scores. Lastly, the
outcome instruments were not administered in a counterbalanced order. The effect o f
administration sequence with these instruments is unknown at this time; however the
opportunity for bias may exist based on the order individuals complete these instruments.
Future investigations may consider counterbalancing the administration o f HRQOL
instruments, examining these results in more specific subgroups with CAI, and
investigating the influence o f bilateral instability.
Conclusions
Individuals with CAI displayed decreased generic and region-specific function
and increased fear o f re-injury. Post-ankle sprain clinicians should evaluate the patient’s
perception o f function using both generic and region-specific instruments as well as
assess the individual’s fear of re-injury. Functional deficits and psychological barriers
should be taken into consideration when treating individuals with CAI to improve the
quality o f patient care. Future investigations should evaluate the relationship between
health-related outcomes and mechanical and functional insufficiencies associated with
CAI.
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Table III. 1. Participant Characteristics for Age, Height, Mass (mean ± SD) and Episodes
o f Giving Way, Previous Ankle Sprains, and Physical Activity Level (median (IQ range))
for the Chronic Ankle Instability and Healthy Groups__________________________
CAI
Healthy
Age
21.9 ± 2.5 y
22.0 ±2.1 y
Height
170.8 ± 8.6 cm
167.4 ± 9.1 cm
Mass
69.8 ± 11.7 kg
64.8 ± 11.2 kg
Episodes o f giving way
3.0 (2.0-5.5)
0.0 (0.0-0.0)
Previous ankle sprains
3.0(1.5-5.0)
0.0 (0.0-0.0)
NASA physical activity scale
6.5 (5.0-7.3)
6.0 (5.0-7.0)
Abbreviations: CAI, Chronic Ankle Instability; NASA, National Aeronautics and Space
Administration.
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Table III.2. Median, Interquartile Range and Mann-Whitney U P-Values for HealthRelated Outcomes for the Chronic Ankle Instability and Healthy Groups__________
CAI
Healthy
p-value
DPA
14(11-19)
0 (0-0)
<0.001
FAAM-ADL
91 (85-93)
100(100-100)
<0.001
FAAM-Sport
78 (69-86)
100(100-100)
<0.001
TSK -11
18(17-21)
13 (11-16)
<0.001
FABQ
13 (9-26)
0 (0-3)
<0.001
Abbreviations: CAI, Chronic Ankle Instability; DPA, Disablement in the Physically
Active Scale; FAAM-ADL, Foot and Ankle Ability Measure-Activities o f Daily Living;
FAAM-Sport, Foot and Ankle Ability Measure-Sport; TSK -11, Tampa Scale o f
Kinesiophobia-11; FABQ, Fear-Avoidance Beliefs Questionnaire.
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Table III.3. Spearman’s Rho Correlations Between Health-Related Outcomes and
Inclusion Criteria in the Chronic Ankle Instability Group_____________________
DPA
FAAM-ADL FAAM-Sport TSK -11

FABQ

DPA
1
FAAM-ADL
-.216
1
FAAM-Sport
-.296
.774*
1
TSK-11
.371
-.070
-.219
1
FABQ
-.038
-.103
.003
.210
1
Episodes o f giving way
-.043
-.029
-.088
-.389
-.010
Previous ankle sprains
.269
-.286
-.363
.018
.089
NASA physical activity scale
-.172
.014
-.143
-.267
.090
Abbreviations: DPA, Disablement in the Physically Active; FAAM-ADL, Foot and
Ankle Ability Measure-Activities o f Daily Living; FAAM-Sport, Foot and Ankle Ability
Measure-Sport; TSK -11, Tampa Scale o f Kinesiophobia-11; FABQ, Fear-Avoidance
Beliefs Questionnaire; NASA, National Aeronautics and Space Administration.
*p<0.05
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CHAPTER IV
PROJECT II: CLINICAL AND LABORATORY PREDICTORS OF
HEALTH-RELATED QUALITY OF LIFE IN INDIVIDUALS WITH
CHRONIC ANKLE INSTABILTIY
Introduction
Ankle sprains are common injuries experienced by physically active individuals.
Approximately 23,000 sprains occur each day in the United States,55 resulting in over $4
billion in annual aggregate health care costs. To further confound the problem, up to 70%
o f people who sustain a single ankle sprain experience additional ankle sprains, recurrent
bouts of joint instability, and decreased health-related quality of life (HRQOL) which are
the hallmark characteristics o f a health condition known as chronic ankle instability
(CAI).55,94 Therefore, the prevelance o f CAI coupled with long-term consequences
including degenerative joint disease, physical inactivity, and decreased HRQOL
advocates for further understanding o f this condition.
In comparison to individuals with no history o f ankle sprains, those with CAI
have reported functional deficits in activities o f daily living and sports-related activities,
as well as, elevated levels o f injury-related fear.51,52,115 Such deficits, collectively
referred to as HRQOL, have been captured on a variety o f generic, region-specific, and
dimension-specific patient-reported outcomes (PROs). PROs are self-reported
questionnaires that ask questions regarding the patient’s perception o f his or her
condition, injury, or overall health status.
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In people with CAI, PRO instruments such as

the Short-Form-36 (SF-36),29 Foot and Ankle Ability Measure (FAAM),33 and Tampa
Scale o f Kinesiophobia-11 (TSK-11)156 have been used to evaluate health-related quality
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of life. Furthermore, kinesiophobia has been reported to be the strongest single
contributor to self-reported function in patients with foot and ankle pathologies.41 While
this dimension-specific aspect o f function has not been extensively investigated in those
with CAI, it may be critical to understanding the health condition. Therefore, generic,
region-specific, and dimension-specific aspects o f self-reported function require further
investigation in those with CAI.
Despite the knowledge o f functional loss in those with CAI, it remains unclear
how the multitude o f mechanical and functional impairments55 demonstrated by these
individuals contribute to the described decrements in HRQOL. The most defined areas o f
impairment include postural control deficits,168 strength deficits,169 sensory alterations,170
and mechanical alterations.56 While each o f these areas o f impairment create unique CAIrelated deficits, it is likely that an interaction between impairments is responsible for this
clinical phenomenon. Despite the vast amount o f research examining structural and
functional impairment, it remains unclear which impairment or group o f impairments
may contribute to the self-reported loss o f function and injury-related fear in individuals
with CAI. Identifying the strongest contributors to functional loss and injury-related fear
may point researchers and clinicians in a direction towards a combination o f interventions
which may be most beneficial from the perspective of body structure and function
(impairment), the person (activity), and the person in their environment (participation).
Patient perception o f his or her health status is becoming increasingly recognized
in health care, some would even argue that it is the most important criterion forjudging
the effectiveness o f treatment.100 Examining the potential relationships between measures
o f self-reported function and impairments in postural control, strength, sensation, and
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ankle mechanics may elucidate the most meaningful paths towards developing evidencebased rehabilitation strategies for those with CAI. Therefore, the purpose o f this study
was to identity clinician and laboratory-oriented measures o f function capable o f
predicting PRO scores in individuals with CAI. It is hypothesized that a combination o f
measures will explain a significant amount o f the variance associated with generic,
region-specific, and dimension-specific outcomes in those with CAI.
Methods
Design

A cross-sectional design was employed for this study. Four PROs and 17 clinician
and laboratory-oriented measures o f function including measures o f static and dynamic
postural control, isometric strength, plantar cutaneous sensation, joint position sense,
dorsiflexion range o f motion, and ankle arthrometry were assessed during a single-testing
session.
Participants

Forty physically active individuals with CAI (13 maids, 27 females), were
recruited from a large public university community over a one year period to participate
in this study. Participants were included if they reported a score o f four or greater on the
National Aeronautics and Space Administration (NASA) Physical Activity Scale,
reported a history o f at least one or more ankle sprains, and at least one episode o f
“giving way” in the last three months. Additionally, all participants had to answer “yes”
to five or more questions on the Ankle Instability Instrument (All) and score less than 24
on the Cumberland Ankle Instability Tool (CAIT).103 Participants were excluded if they
had experienced any lower extremity injuries in the last six months, had a history o f
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lower extremity surgery, or suffered from any neurological disorders that could influence
balance. In the event o f bilateral CAI, the ankle with the lower CAIT score was
considered the involved limb for the purposes o f this study. Participant characteristics are
reported in Table IV. 1. All participants completed an informed consent document
approved by the University’s Institutional Review Board.
Instrumentation

An Accusway Plus force plate (AMTI; Watertown, MA) was used to assess static
postural control. Center o f pressure data was sampled at 50Hz and separated into
anterior-posterior (AP) and medial-lateral (ML) directions and analyzed as time-toboundary (TTB) variables. A handheld dynamometer (MicroFET2™, Hoggan Health
Industries, Inc., West Jordan, UT) was used to assess isometric strength at the ankle. A
20-piece Semmes-Weinstein Monofilament kit (Texas Medical Design, Inc., Stafford,
TX) was used to evaluate plantar cutaneous sensation. Lastly, a 6-degree o f freedom
Hollis Ankle Arthrometer (Blue Bay Research Inc., Navarre, FL) was used to measure
mechanical stability at the ankle.
Procedures

All participants reported to the laboratory for a single testing session. After
agreeing to participate, participants completed two inclusionary instruments (i.e., A ll and
CAIT) and four PROs (i.e., Short Form-12 (SF-12), Disablement in the Physically Active
Scale (DPA), Fear-Avoidance Beliefs Questionnaire (FABQ), and FAAM). Upon
completion of the inclusionary and outcome instruments, participants completed seven
tests to examine mechanical and functional impairments in the involved limb. Testing
order for the clinician and laboratory-oriented measures were counterbalanced using a
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Latin square. Individual testing procedures are described below.
Patient-Reported Outcomes
Four PRO instruments were used to measure self-reported function: the SF-12,28
the DPA,1,2 the FABQ.38 and the FAAM.33 The SF-1228 is a generic health survey with
physical (SF-12 PC’S) and mental (SF-12 MCS) component summary scales. The DPA132
is a generic measure o f health used in the evaluation o f physically active individuals with
musculoskeletal injuries. DPA scores range from 0 to 64 with higher scores representing
IQ

functional limitations and decreased emotional well-being. The FABQ

is a dimension-

specific measure o f health used to examine fear-avoidance beliefs. FABQ scores range
from 0 to 66 with higher scores representing increased fear-avoidance beliefs. The
FAAM33 is a region-specific measure o f health used to assess the physical performance
o f individuals with a broad range o f ankle and foot musculoskeletal disorders. Comprised
o f two subscales the FAAM assesses physical function related to activities o f daily living
(FAAM-ADL) and sport (FAAM-Sport). FAAM-ADL and FAAM-Sport scores range
from 0 to 100% with 100% representing normal function. All four PRO instruments have
demonstrated sufficient reliability.28,34,38,132 After meeting the inclusion criteria,
participants completed the paper format of the SF-12v2, 4-week recall. Upon completion
of the SF-12, all other instruments were completed electronically on a laptop computer.
Static Postural Control
Participants performed three 10-second, single-limb eyes-closed trials on a force
plate. Participants were instructed to remain as still as possible with their hands on their
hips, and the contralateral lower extremity at 45° o f knee flexion and 30° o f hip flexion
(Figure IV. 1). TTB variables included the mean o f TTB minima in the AP (TTBAP-
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mean) and ML (TTBML-mean) directions and the standard deviation o f TTB minima in
the AP (TTBAP-SD) and ML (TTBML-SD) directions. The mean o f the TTB minima
provides an estimate o f the time a person has to make postural corrections while the
standard deviation o f TTB minima indicates the number o f solutions used to maintain
single-limb stance.61,171 Therefore, lower values indicate that less time was available to
make postural corrections and fewer solutions were available to maintain single-limb
stance, representing a more constrained sensorimotor system.
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For each measure, the

mean o f all three trials was used for statistical analysis. Intersession reliability for TTB
variables have ranged from poor to moderate (ICC=0.40-0.75).!74
Dynamic Postural Control
Dynamic postural control was assessed using the anterior, posteromedial, and
posterolateral directions o f the Star Excursion Balance Test (SF.BT) (Figure IV.2).
Participants were positioned and aligned with a tape measure on the floor and instructed
to maintain a single-limb stance, maximally reach with the other extremity, briefly touch
down at the point o f maximal reach, and return to the starting position. A trial was
repeated if the subject placed excessive weight on the reaching limb, moved the stance
foot from the starting position, or was unable to maintain balance. The SEBT has been
shown to have strong intratester and intertester reliability after controlling for learning
effects, intraclass correlation coefficients (ICC) values ranged from 0.81-0.96.175,176
Therefore, four practice trials were performed in each direction and then three repetitions
were performed and recorded.
length for analysis.
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Reach distances were averaged and normalized to leg
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Isometric Strength
A handheld dynamometer was used to assess dorsiflexion, inversion, and eversion
isometric strength. Subjects were positioned supine with the foot suspended o ff the table.
All procedures were consistent with Kelln et al.
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Intratester ICC values have ranged

from 0.77-0.97.17s Therefore, the same investigator performed all strength assessments.
Subjects were instructed to ramp into a three to five second maximal effort contraction
with the examiner applying unmoving resistance (Figure IV.3). Subjects performed one
practice trial for each motion followed by three trials that were recorded and averaged for
analysis. No significant rest periods were allotted between trials and peak force was
recorded to the nearest 0.1N.

Plantar Cutaneous Sensation
Plantar cutaneous sensation was assessed at the center o f the heel using SemmesWeinstein Monofilaments (Figure IV.4). Semmes-Weinstein Monofilaments are thin
nylon fibers o f varying weights, which are applied perpendicular to the skin until a “C”
shape is formed. Participants were instructed to verbally indicate when they felt a
monofilament. Based on the participant’s perceptual response, the weight o f the filament
was decreased or increased in accordance with a 4-2-1 stepping algorithm179 until the
lowest detectable weight was determined. Higher detection thresholds represent
decreased sensitivity. The lowest weighted filament detected by each subject was
included in the statistical analysis.
Joint Position Sense

The participant was positioned supine on an evaluation table with a bubble
inclinometer secured to the lateral aspect o f the foot using two velcro straps (i.e., one

strap around the head o f the fifth metatarsal and the second around the mid-shaft) (Figure
IV.5). The examiner placed the ankle into 10° o f plantarflexion using a standard
goniometer and then instructed the subject to close their eyes and concentrate on that
position. After five seconds, the examiner instructed the subject to move the ankle
through the entire range o f motion and then indicate when they had returned to the preset
position. Each participant completed one practice trial to allow for familiarization with
the testing procedure. The absolute number o f degrees deviated from three test trials was
averaged for analysis.
Dorsiflexion Range o f Motion
The Weight Bearing Lunge Test for dorsiflexion range o f motion (Figure IV.6)
was performed using the knee-to-wall principle.180 Participants were positioned facing a
wall, with their foot perpendicular to the wall, and their heel firmly planted. Participants
were instructed to lunge forward until contact was made between the anterior knee and
the wall while the calcaneous remained firmly planted on the ground. A tape measure on
the floor was used to measure the distance between the great toe and the wall providing a
measure o f dorsiflexion in centimeters. Three trials o f the farthest distance from the wall
in which the subject made contact and the calcaneous remained planted on the ground
were recorded and used for analysis. The Weight-Bearing Lunge Test has demonstrated
excellent intertester and intratester reliability (ICC=0.97-0.99).181
Ankle-Subtalar Joint Stability
Using previously described methods
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to assess ankle-subtalar joint stability, AP

and inversion-eversion (IE) loads were applied using an instrumented arthrometer (Figure
IV.7). The involved ankle was loaded to 125N anteriorly immediately followed by a load
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o f 125N in the posterior direction. After three AP trials were collected 4,000Nm o f torque
was applied during inversion immediately followed by 4,000Nm o f eversion. Three trials
were carried out for each direction by the same investigator, averaged and used for
analysis. High ICC values (0.91-0.99) have been reported for intratester ankle
arthrometry.
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Statistics

Six separate backward multiple linear regression analyses were conducted with
each PRO serving as the criterion variable and the clinician and laboratory-oriented
measures serving as predictor variables. The backward regression method was selected
due to the limited amount o f theoretical literature available. All outliers ±3 standard
deviations away from the mean were removed from the data set. To reduce the number of
predictor variables, Pearson product moment correlations were performed between
criterion and predictor variables (Table IV.4). All predictors that had an r-value of
r>0.200 were considered for each model. Additionally, Pearson correlations were
performed between predictor variables to account for collinearity (Table IV.5). In the
event that predictor variables were highly correlated (r>0.700), the predictor with the
greatest correlation coefficient with the criterion variable was selected for the final
model. For a summary o f the variable selection process consult Figure IV.8. Significance
was set a priori at p<0.05. Cohen’s / was used to estimate the effect size o f the models.
Effect size strengths were interpreted as small (0.02-0.14), medium (0.15-0.34), and large
(>0.35).184 Descriptive statistics were calculated as mean ± standard deviation for all
variables except for plantar cutaneous sensation index values in which median and range
were used. All statistical analyses were conducted with SPSS Version 21.0 (SPSS, Inc.,
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Chicago, IL).
Results
Forty subjects with CAI completed the study. Descriptive statistics for criterion
and predictor variables are reported in Tables IV.2 and IV.3, respectively. Correlation
coefficients between predictor and criterion variables are reported in Table IV.4 and
correlation coefficients between predictors are reported in Table IV.5 All six backward
regression models are summarized with effect sizes in Table IV.6. Plantar cutaneous
sensation and dorsiflexion range o f motion were significant predictors o f SF-12 PCS
scores, explaining 37% o f the variance. No significant predictors were observed for SF12 MCS scores (p=0.10). TTBAP-SD, SEBT-posterolateral reach distance, and posterior
joint laxity were significant predictors o f DPA scores, explaining 32% o f the variance.
TTBAP-MM, anterior joint laxity, and eversion rotation were significant predictors o f
FABQ scores, explaining 56% o f the variance. TTBAP-MM and SEBT-posterolateral
reach distance were significant predictors o f FAAM-ADL scores, explaining 37% o f the
variance. TTBAP-MM and eversion rotation were significant predictors o f FAAM-Sport
scores, explaining 20% o f the variance. Cohen’s f effect sizes ranged from small to large
(0.08-0.56). All o f the regression models had variance inflation factors less than ten,
indicating no multicollinearity.
Discussion
The purpose o f this study was to identify clinician and laboratory-oriented
measures o f function capable o f predicting PRO scores in individuals with CAI. As
hypothesized, the results o f this study indicate that a combination o f CAI impairments
explain a significant amount o f the variance in generic, dimension-specific, and region-
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specific PROs. This was supported by the strong effect size exhibited in three o f the six
models. O f the seven CAI impairment areas investigated, only five (i.e., static postural
control, dynamic postural control, dorsiflexion range o f motion, plantar cutaneous
sensation, and ankle arthrometry) significantly contributed to the majority o f the PRO
scores. Although a combination o f variables contributed to physical components o f
generic and region-specific function and fear-avoidance beliefs, no significant predictors
were identified for the mental component o f the SF-12.
While several clinical and laboratory measures accounted for a significant amount
of the variance associated with PRO scores it is important to consider the overall strength
o f the models. The strongest model produced was for the FABQ with an effect size o f
0.56. This is not surprising as limitations in physical function have been associated with
elevated levels o f fear in patients with patellofemoral40 and low back pain.185,186 The SF12 PCS and FAAM-ADL models were also strong with an effect size o f 0.37. The DPA
and FAAM-Sport models exhibited medium effects o f 0.32 and 0.20, respectively. The
weaker effects exhibited by the DPA and FAAM-Sport models could be attributed to the
immeasurable factors that play a role in sport activities. For example, the questionnaires
did not address specific agility tasks or the ability to perform dynamic activities at high
speeds. Moreover, the DPA scale contains four items that incorporate quality o f life
components much like the SF-12 MCS that demonstrated a weak effect. Overall, the
medium to strong effects observed for the significant models indicate that postural
control, plantar cutaneous sensation, and mechanical aspects o f function, such as
dorsiflexion range o f motion and joint laxity, should be taken into consideration when
treating individuals with CAI.
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With added emphasis on evidence-based practice in athletic training and sports
medicine, ’

this study was designed to promote the combined engagement o f patient,

clinician, and laboratory-oriented evidence (i.e., the PCL M odel).187 In previous
investigations,51’115 individuals with CAI have reported functional insufficiencies,
elevated levels o f injury-related fear, and decreased HRQOL on patient-oriented
assessments. Additionally, those with CAI have exhibited functional and mechanical
impairments on clinician-oriented and laboratory-oriented assessments.55 The results o f
this study highlight the multifactorial biopsychosocial nature o f CAI as a combination of
functional and mechanical impairments contributed to the individuals’ perceptions o f
function and fear as measured by the PROs.
To our knowledge this is the first study to identify clinician and laboratoryoriented contributors to PROs in individuals with CAI. Our findings indicate that a
unique combination o f clinician-oriented and laboratory-oriented measures contributed to
the PRO scores in this sample o f individuals with CAI. Clinician-oriented measures (i.e.,
plantar cutaneous sensation, Weight-Bearing Lunge Test, and SEBT) contributed to SF12 PCS, DPA, and FAAM-ADL scores, whereas laboratory-oriented measures (i.e., TTB
measures o f postural control and instrumented arthrometry) contributed to DPA, FABQ,
FAAM-ADL, and FAAM-Sport scores. Furthermore, none o f the measures significantly
contributed to SF-12 MCS scores suggesting that other factors, such as injury history,
access to rehabilitation, social support, gender, or age, may influence the individual’s
mental health and well-being. These findings reiterate the importance o f whole-person
health care and suggest an integration o f treatment strategies to improve patient
outcomes.
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Although a combination o f factors play a role in CAI,55 the results o f this study
expose the overlap between patient, clinician, and laboratory-oriented evidence. Knowing
that unique aspects o f postural control, dorsiflexion range o f motion, plantar cutaneous
sensation, and ankle arthrometry contribute to 17-36% o f the variance associated with
PRO scores, such factors should be taken into consideration when treating patients with
CAI. Implementing evidence-based treatment strategies to target the physical
impairments known to contribute to PRO scores may in turn improve function and overall
quality o f life.
Clinical Implications

Previous rehabilitation protocols63,188 for CAI have included comprehensive
strategies to negate the various mechanical and functional impairments associated with
the condition. The findings of this investigation highlight rehabilitation targets that may
contribute to the disablement experienced by the individual. A variety o f rehabilitation
techniques have been proposed to influence the five clinician and laboratory measures o f
function identified as predictors o f PRO scores in this study. Figure IV.9 depicts the
clinician and laboratory-oriented impairments identified in this investigation, with
suggested rehabilitation techniques, and tests for periodic evaluation.
•

•

»

•

»

Various rehabilitation strategies
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’

have been utilized to modify the physical

impairments associated with CAI. The information obtained in this study supports
interventions proposed to improve postural control, sensation, mechanical restrictions,
and joint stability. Balance exercises,54’63’ 190 foot orthotics,191’ 192 plantar massage,193 joint
mobilizations,62 taping,116 and bracing194 have all been employed to treat such impairment
areas. More importantly, there is evidence to support the use o f balance exercises,61 foot
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orthotics,191 and joint mobilizations62 to improve self-reported function. To date, no
studies have examined the combination o f these interventions. Therefore, balancetraining, foot orthotics, and joint mobilization interventions should be strategies
considered for CAI rehabilitation programs.
Although there are a variety o f strategies to influence the functional and
mechanical impairments associated with CAI it is imperative to consider the unique needs
o f the individual patient as evidence-based practice is the integration o f clinician
expertise, the best available evidence, and patient values.

Thus, if a patient does not

report elevated levels o f fear or functional limitations on a PRO, the aforementioned
intervention strategies may be futile. Additionally, clinicians need to consider the PRO
deficits reported by the individual and aim to address the contributing impairments based
on the evidence provided here and in future literature. Furthermore, patient-oriented,
clinician-oriented, and laboratory-oriented measures, when accessible, should be
evaluated periodically to monitor patient progress and formulate treatment modifications
as needed.
Limitations

As with any study, it is important to acknowledge limitations. First, there are an
assortment o f environmental and personal factors, such as injury history or additional
health ailments, that could influence physical function and PRO scores. Second, the data
sample was collected from physically active individuals between the ages o f 18 and 42,
thus the results are not applicable to sedentary, adolescent, or elderly populations o f
individuals with CAI. Also, although the FAAM and SF-12 scores were representative o f
other CAI studies,34’51 the other PROs have not been thoroughly examined in this
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population and therefore it is unknown if the scores observed for the DPA or FABQ are
generalizable to others with CAI. Lastly, this study only addressed well-established CAI
impairments. There are other components more proximal in the kinematic chain that may
contribute to the impairments associated with CAI. In addition, factors such as
rehabilitation compliance may influence the multifaceted condition. Future investigations
may consider examining the results in specific subgroups, such as those with and without
a history o f rehabilitation, and investigating the influence o f other potential contributing
factors which may be present throughout the lower extremity. Additional research efforts
should assess the accuracy o f the models by observing the influence o f rehabilitation
techniques, aimed at targeting the identified predictors, on PRO scores.
Conclusions
In conclusion, measures o f postural control, dorsiflexion range o f motion, plantar
cutaneous sensation, and ankle arthrometry contributed to a significant proportion o f the
variance associated with PRO scores in those with CAI. Although a combination o f
factors play a role in CAI, the results o f this study expose the overlap between patient,
clinician, and laboratory-oriented evidence. Consequently, knowing that clinician and
laboratory measures o f function contribute to a proportion o f the variance associated with
PROs accentuates the value of evidence-based practice. Therefore, utilizing rehabilitation
strategies that focus on the functional and mechanical impairments known to contribute to
PRO scores may in turn improve physical function and overall quality o f life in
individuals with CAI. Other variables should be examined to address mental components
o f health-related quality o f life, as there were no significant predictors for SF-12 MCS
scores.
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Table IV. 1. Participant Characteristics and Inclusionary Criteria.
Age
Height
Mass
NASA Physical Activity Scale
Previous Ankle Sprains
Episodes o f “Giving Way” in the Last 3 Months
Time Since Last Significant Ankle Sprain
Ankle Instability Instrument Yeses
Cumberland Ankle Instability Tool Score

Mean ± SD
23.3±4.8 y
168.9±9.2 cm
72.0±14.4 kg
6.7±1.7
3.5±1.6
5.9±7.9
23.6±22.7 months
6.6±1.4
16.3±4.6
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Table IV.2. Descriptive Statistics for the Health-Related Quality o f Life Measures.
Criterion Variable
Mean ± SD
Short Form-12 Physical Component Score
56.2±4.7
Short Form -12 Mental Component Score
52.9±5.3
Disablement in the Physically Active Scale
12.2±10.6
Fear-Avoidance Beliefs Questionnaire
19.0±11.4
Foot and Ankle Ability Measure-Activities o f Daily Living
86.1±11.8 %
Foot and Ankle Ability Measure-Sport
71.3±17.5 %
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Table IV.3. Descriptive Statistics for the Clinician and Laboratory-Oriented Measures o f
Function.
Mean ± SD or Median (IQ Range)
Predictor Variable
Static Postural Control
TTBML-MM
0.8±0.2 s
TTBAP-MM

2.2±0.6 s

TTBML-SD

0.7±0.2 s

TTBAP-SD

1.4±0.4s

Dynamic Postural Control

SEBT-Anterior Reach Distance
SEBT-Posteromedial Reach Distance
SEBT-Posterolateral Reach Distance
Isometric Strength
Dorsiflexion
Inversion
Eversion
Plantar Cutaneous Sensation
Joint Position Sense
Dorsiflexion Range o f Motion
Ankle Arthrometry
Anterior Joint Laxity
Posterior Joint Laxity

81.2±5.5 %
90.4±8.8 %
80.7±11.2 %
89.8±39.1 N
89.7±42.2 N
87.4±36.9 N
4.08 (3.61-5.46)
5.6±2.8°
7.8±3.5 cm

8.4±2.3 mm
4.5±2.0 mm
Inversion Rotation
30.9±6.4°
Eversion Rotation
20.3±4.4°
Abbreviations: SEBT, Star Excursion Balance Test; TTBML-MM, Time-to-boundary
mean minima for the medial-lateral direction; TTBAP-MM, Time-to-boundary mean
minima for the anterior-posterior direction; TTBML-SD, Time-to-boundary standarddeviation o f mean minima for the medial-lateral direction; TTBAP-SD, Time-toboundary standard deviation o f mean minima for the anterior-posterior direction.

Table IV.4. Correlation Coefficients Between Predictor and Criterion Variables.
SF-12 PCS

SF-12 MCS

DPA

FABQ
-0.177

FAAM -ADL

FAAM -S
-0.047

TTBML-MM
0.068
0.119
-0.078
0.166
TTBAP-MM
0.151
-0.239*
0.065
- 0 . 328 *
0 . 290 *
0 . 243 *
TTBML-SD
0.134
0.052
0.181
-0.094
-0.086
-0.031
TTBAP-SD
0.279*
0.007
0.103
-0.242*
0.163
- 0. 264 *
SEBT-Anterior Reach
0.016
-0.037
0.105
0.015
0.010
0.065
SEBT-Posteromedial Reach
0.007
0.156
-0.021
-0.233*
0.283*
0.154
SEBT-Posterolateral Reach
0.102
-0.080
-0.016
0.185
- 0. 278 *
0 . 433 *
Dorsiflexion Strength
-0.032
-0.064
0.151
0.051
0.050
0.096
Inversion Strength
0.021
-0.132
0.087
-0.009
-0.077
0.039
Eversion Strength
-0.114
-0.072
-0.126
0.077
0 . 202 *
-0.036
Plantar Cutaneous Sensation
0.055
-0.015
-0.016
-0.165
- 0 . 288 *
0 . 205 *
Joint Position Sense
-0.050
0.157
0.167
0.008
-0.150
0.063
Dorsiflexion Range o f Motion
0.007
0.106
0.158
0 . 384 *
-0.005
0 . 207 *
Anterior Joint Laxity
0.069
0.014
0.073
0
.
242
*
-0.129
0. 202 *
Posterior Joint Laxity
-0.002
0.105
0.016
0.016
- 0 . 267 *
0. 227 *
Inversion Rotation
0.004
0.140
-0.120
0.049
0.090
- 0 . 207 *
Eversion Rotation
0.032
-0.020
0.058
-0.035
- 0 . 294 *
0 . 248 *
Abbreviations: DP A, Disablement in the Physically Active Scale; FAAM, Foot and Ankle Ability Measure: ADL, Activities o f Daily
Living and S, Sport; FABQ, Fear-Avoidance Beliefs Questionnaire; SEBT, Star Excursion Balance Test; SF-12, Short Form -12: PCS,
Physical Component Summary and MCS, Mental Component Summary; TTBML-MM, Time-to-boundary mean minima for the
medial-lateral direction; TTBAP-MM, Time-to-boundary mean minima for the anterior-posterior direction; TTBM L-SD, Time-toboundary standard-deviation o f mean minima for the medial-lateral direction; TTBAP-SD, Time-to-boundary standard deviation o f
mean minima for the anterior-posterior direction.
*Met r-value criteria o f r>0.200
Variables entered into the regression model are bold.

Table IV.5. Pearson Product Moment Correlation Coefficients Between Predictor Variables.
TTBM LMM

TTBAPMM

TTBM LSD

T T B A P -M M
T T B M L -S D
T T B A P -S D
S E B T -A n t.

0 .5 8 7
0 .8 3 3 *

0 .2 5 0

0 .5 3 2
-0 .1 4 4

0 .9 2 1 *
-0 .1 1 7

0 .1 6 0
-0 .1 4 4

S E B T -P M
S E B T -P L
D f. Strength
Inv. Strength
E v. Strength
PI. Cut. S en .
JPS
D f. R O M
Ant. L axity

-0 .1 1 6
-0 .0 8 5

-0 .1 1 8
0 .0 3 0

-0 .1 1 5
-0 .1 7 6

0 .3 3 1
0 .3 7 5
0 .2 0 7
0 .0 3 6
0 .2 1 1
0 .0 6 4
0 .0 1 0

-0 .0 9 8
0 .0 9 2
-0 .0 6 9
-0 .2 0 7

Post. L a x ity
Inv. R otation
E v. R otation

-0 .2 2 3
-0 .0 3 8
-0 .2 7 4

0 .3 9 8
0 .3 9 9
0 .3 0 4
0 .1 0 5
0 .001
0 .0 1 3
-0.011
-0 .3 2 9
-0 .0 6 6
-0 .3 2 7

0 .0 9 7
-0 .0 0 6
-0 .0 7 5
0 .1 5 9
0 .0 1 0
-0.2 6 1

TTBAP
-S D

-0 .1 3 2
-0 .0 7 5
0 .0 5 3
- 0 .0 7 4
0 .1 3 7
-0 .0 5 4
-0 .1 2 3
0 .2 0 9
0 .0 3 6
-0 .0 4 9
0 .1 2 2
0 .0 1 1
-0 .2 1 9

SEBTA nt

SEBTPm

0 .5 3 2
0 .4 4 4
0 .1 5 5

0 .8 1 8 *
0 .2 9 0

0 .0 8 5
0 .0 2 9
-0 .2 5 1
0 .2 6 8
0 .2 9 3
0 .0 7 2
-0 .0 9
0 .4 0 2
0 .2 2 4

0 .3 5 0
0 .4 0 2
-0 .1 2 3
0 .2 3 3
0 .2 5 8
-0 .0 5 6
-0 .1 3 6
0 .2 0 0
0 .0 9 2

SEBTP1

0 .1 8 3
0 .2 1 9
0 .2 0 3
-0 .0 7 3
0 .2 5 5
0 .201
-0.1 9 1
0 .0 7 8
0 .0 8 2
-0 .0 3 9

Df.
Strength

0 .8 3 7 *
0 .7 4 2 *
-0.073
0.292
0 .433
0.265
-0 .4 1 4
0 .328
-0 .0 5 4

Inv.
S tren gth

0 .8 6 3 *
-0 .1 3 6
0 .3 5 5
0 .2 8 6
0 .0 6 8
-0 .2 4 3
0 .3 4 8
-0 .0 4 5

E v.
S tren gth

-0 .0 5 4
0 .2 2 4
0 .1 8 2
0 .0 2 1
-0 .3 1 0
0 .3 1 3
0 .1 1 2

PI. Cut.
S en .

0 .2 5 3
0 .0 6 2
-0 .1 6 4
0 .0 0 4
-0 .2 3 7
0 .0 2 4

JP S

0 .2 8 3
- 0 .0 9 9
0 .0 1 6
0 .0 6 0
0 .0 9 3

D f.
ROM

A n t.
L a x ity

0 .2 1 5
-0 .0 9 3
0 .4 0 4
0 .1 8 2

- 0 .0 3 7
0 .3 8 6
0 .2 0 5

L a x ity

P o st.

Inv.
R o ta tio n

0 .0 1 6
0 .0 0 6

0 .4 7 4

Abbreviations: Ant, Anterior; Df, Dorsiflexion; Ev, Eversion; Inv, Inversion; JPS, Joint Position Sense; PI Cut Sen, Plantar Cutaneous
Sensation; PL, Posterolateral; PM, Posteromedial; Post, Posterior; ROM, Range o f Motion; SEBT, Star Excursion Balance Test; TTBMLMM, Time-to-boundary mean minima for the medial-lateral direction; TTBAP-MM, Time-to-boundary mean m inim a for the anteriorposterior direction; TTBML-SD, Time-to-boundary standard-deviation o f mean minima for the medial-lateral direction; TTBAP-SD,
Time-to-boundary standard deviation o f mean minima for the anterior-posterior direction.
♦Correlation coefficient >0.700

o

Table IV.6. Backward Regression Model Summaries.
Regression Model
SF-12 P C S
Eversion Strength, Plantar Cutaneous Sensation*, D orsiflexion ROM*
SF-12 M CS
Plantar Cutaneous Sensation, Posterior Joint Laxity
DPA
TTBAP-SD*, SEBT-Posterolateral*, Anterior Joint Laxity, Posterior Joint Laxity*
FABQ
TTBAP-M M *, Anterior Joint Laxity*, Inversion Rotation, Eversion Rotation*
FAAM-ADL
TTBAP-M M *, SEBT-Posterolateral*
FAAM-Sport
TTBAP-M M *, Dorsiflexion ROM, Eversion Rotation*

R2

p-value

C ohen’s f 2

N

0.27

0.005

0.37

38

0.07

0 .100

0.08

39

0.24

0.020

0.32

39

0.36

0.001

0.5 6

39

0.27

0.004

0.37

39

0.17

0.040

0.20

39

Abbreviations: DP A, Disablement in the Physically Active Scale; FAAM, Foot and Ankle Ability Measure: ADL, Activities o f Daily
Living and S, Sport; FABQ, Fear-Avoidance Beliefs Questionnaire; ROM, Range o f Motion; SEBT, Star Excursion Balance Test; SF-12,
Short Form-12: PCS, Physical Component Summary and MCS, Mental Component Summary; TTBAP-M M, Tim e-to-boundary mean
minima for the anterior-posterior direction; TTBAP-SD, Time-to-boundary standard deviation o f mean m inima for the anterior-posterior
direction.
*Significant predictor at 0.05 level
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Figure IV. 1. Eyes-Closed Single Limb Stance for Static Postural Control.
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Figure IV.2. Anterior, Posteromedial, and Posterolateral Reach Directions for the Star
Excursion Balance Test.
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Figure IV.3. Investigator Providing Unmoving Resistance for Dorsiflexion Strength.
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Figure IV.4. Test Site for Plantar Cutaneous Sensation Using Semmes-Weinstein
Monofilaments.
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Figure IV. 5. Inclinometer Placement for Joint Position Sense Testing.
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Figure IV.6. Weight-Bearing Lunge Test to Assess Dorsiflexion Range o f Motion.
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Figure IV.7. Instrumented Ankle Arthrometer Used to Assess Anterior-Posterior
Displacement and Inversion-Eversion Rotation.

Figure IV.8. Summary o f the Variable Selection Process for Multiple Regression.

C RITER IO N VARIABLES (6)
^
M

O UTLIER REMOVAL

*SF-I2 PCS
•SK -I2M C S
•DPA
•FABQ
•FAAM-ADL
•FAAM -Sporl

±3 SD awav from the Mean
PRED ICTOR VARIABLES (17)
•Static Postural C ontrol
■TTB-ML Mean M inim a
■TTB-AP M ean M inima
■TTB-ML SD or Minima
•TTB-A P SD of M inim a
•Dynamic Postural Control
• SE BT-A nt erior
■SEBT-Posteromedial
•SEBT-Posterolateral
•Isom etric Strength
■Dorsiflexion
•Inversion
■Eversion
•C utaneous Detection Threshold
•Joint Position Sense
•Dorsiflexion ROM
•Ankle A rthrom etry
•A nterior Laxity
•P osterior Laxity
•Inversion Rotation
•Eversion Rotation

VARIABLE R ED U CTIO N
Predictors svcrc selected basrd on:
1. Pearson product m om ent correlations
a. If r>0.200 the predictor was considered for the final model
l>. If r<0.200 the predictor s'ariablc was rem oved
2. C ollinearity between predictors (Pearson C orrelations)
a. If the selected predictors had a linear relationship >11.700 the
p red icto r with the greatest correlation coefficient with the criterion
variable was selected for the final model

REG RESSION M ETH O D
B ackw ard Stepwise

>/

POST-ANALYSIS
V ariance Inflation Factor exam ined for m ulticollinearity (V1F<10)

Figure IV.9. Evidence-Based Rehabilitation Strategies for Individuals with Chronic Ankle Instability.
PREDICTO RS O F HRQOL

REHABILITATION STR A TEG IE S
Balance Exercises
Foot O rthotics

Dynam ic Balance

SEBT-PL: DPA, FAAM -ADL

Static Balance

TTBAP-SD: DPA
TTBAP-MM: FABQ, FAAM -ADL & Sport

Plantar Cutaneous Sensation
SF-12 PCS

Dorsiflexion ROM
SF-12 PCS

Ankle Arthrom etry

Anterior Laxity: FABQ
Posterior Laxity: DPA
Inversion Rotation: FABQ, FAAM-Sport

-

Balance Exercises
Foot O rthotics

. . . . . . . . .

Joint M obilizations
Stretching

Taping
Bracing

PE R IO D IC A SSE SSM E N T

-

Star Excursion B alance Test

Force Plate

Sem m es-W einstein
M onofilam ents

W eight-B earing Lunge Test

A nkle A rthrom eter
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CHAPTER V
PROJECT III: HEALTH-RELATED QUALITY OF LIFE
ASSESSMENT IN COLLEGIATE ATHLETES
Introduction
Participation in National Collegiate Athletic Association (NCAA) athletics has
drastically increased in the past decade.9 While participation in athletics is generally
associated with significant benefits, approximately 750,000 injuries occur each year
during participation.195 Following injury, an individual experiences a myriad o f
insufficiencies that encompass both physical and psychosocial aspects o f health.
Encompassing social, physical, and psychological health components, health-related
quality of life (HRQOL) is a multi-dimensional approach to health care that has become
an important component of health surveillance.26 Utilizing HRQOL measures in athletic
training clinical practice enhances the clinician’s ability to incorporate the patient’s
values and perspectives; a vital component to the evidence-based practice (EBP) model.23
Effective practitioners o f EBP incorporate the best available evidence, clinical expertise,
and the patient’s values and perspectives into treatment decisions.25
As health care professionals, it is vital we incorporate EBP into the treatment of
our patients in the athletic training clinic to improve patient outcomes.23 One area o f
major focus in the field o f athletic training is the incorporation o f patient-oriented
outcome measures. Patient-oriented outcomes focus on aspects o f health which are more
meaningful to the patient and often utilize survey instruments, specifically patientreported outcome (PRO) instruments, to solicit the patient’s perception o f health status.23
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PROs can be used to further our understanding o f the short- and long-term consequences
o f injury and the effects o f rehabilitation strategies.
PROs that measure HRQOL address functioning in everyday life and evaluate
personal well-being. Generic questionnaires, such as the Short-Form-36 (SF-36)29 and
Pediatric Outcomes Data Collection Instrument (PODCI)30 capture a broad range of
health status outcomes. However, very few studies have compared HRQOL scores
between healthy collegiate athletes and those with a history o f injury.32,80 Recent
evidence measuring HRQOL with these PROs has suggested a decrease in HRQOL in
adolescent and collegiate athletes with a recent or serious injury compared to their
uninjured counterparts.31,32 However, both the SF-36 and PODCI were designed for use
in the general population and may not be appropriate instruments for use in athletes.
'i-y o

0

Knowing that athletes exhibit better HRQOL ’ ’

o,

on these instruments it is imperative

to investigate the utility o f other instruments in an athletic population.
The Disablement in the Physically Active Scale (DPA),196 a population-specific
PRO, was developed by athletic trainers to evaluate constructs o f disability in physically
active populations. However, DPA data in collegiate athletes is limited

1 39

and the

structure o f the scale has not been examined for individual factors that may represent
subscales. Other PROs, such as the SF-36 and PODCI, contain subscales with composite
scores for physical health or pain and comfort. A better understanding o f HRQOL in
collegiate athletes via the DPA could provide researchers with insight regarding the
patient’s functional status and psychosocial well-being that may need to be addressed
during recuperation from injury. Furthermore, injury-related fear questionnaires, such as
the Fear-Avoidance Beliefs Questionnaire (FABQ),38 have been used to evaluate the
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presence o f fear or other associated psychological barriers following physical
impairment. For example, injury-related fears have been heightened in individuals with
patellofemoral pain161 and post ACL-reconstruction,162 as well as, in acutely injured
athletes.44 Although injury-related fears appear to decrease as acutely injured athletes
recover,44 it is unclear what role fear may play beyond the acute phase o f injury.
Examining disablement and injury-related fear in an athletic population may expose
social, physical, or psychological differences between injured and non-injured athletes.
Using a combination o f these types o f instruments may allow athletic trainers to improve
the quality o f care provided by identifying HRQOL deficits that could hinder the
recovery process following injury.
While the DPA scale includes items designed to assess impairment, functional
t •y'y

limitations, disability, and quality o f life,

the scale has yet to be analyzed for summary

components. Additionally, the relationship between the DPA and FABQ in those with a
history o f injury is unknown. Lastly, the literature has yet to determine the influence o f
injury history, participation status, time since last injury, and injury severity on DPA and
FABQ scores. Therefore, our primary objective was to collect injury history information
and measures of HRQOL in collegiate athletes to address the following aims: (1) to
analyze the scale structure o f the DPA, (2) to examine the relationship between the DPA
and FABQ in collegiate athletes with a history o f injury, and (3) to compare HRQOL in
collegiate athletes based on injury history, participation status, time since last injury, and
injury severity. We hypothesized that (1) subscales associated with specific disablement
components would be identified within the existing structure o f the DPA, (2) the DPA
would strongly correlate to FABQ scores in collegiate athletes with a history of injury,
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and (3) athletes would exhibit HRQOL defieits based on faetors sueh as injury history,
participation status, time since injury, and injury severity.

Methods
Design
This study employed a cross-sectional design. All participants were asked to
complete a packet that contained an injury history form and two PRO instruments during
a single collection session. Independent variables included injury history, participation
status, time since last injury, and injury severity and dependent variables included DPA
and FABQ scores.

Participants
Four hundred and sixty-seven collegiate athletes (199 males, 268 females;
1 9 . 5 1.3 years, 173.9 • 10.3 cm. 71.9i 13.6 kg) were recruited from two large public
universities and one small private college over a six month period to participate in this
study. Participants were included if they were an NCAA athlete eligible to compete
during the 2013-2014 season. Athletes were included regardless o f participation status,
however, athletes participating in club or recreational sports were excluded. The
population sampled contained athletes from 17 different NCAA sports competing at
Division I and Division III institutions. Athletic participation and class information are
reported in Table V .l. Athletes ranged from freshman to 5th year seniors with a lifetime
participation average o f 10.4±4.0 years in their respective sport. The study was approved
by each University’s Institutional Review Board and voluntary completion o f the study
packet was deemed consent to participate.
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Procedures
The investigators attended team meetings and practices to recruit participants.
During the data collection session, the athletes were asked to review a cover letter and
upon agreeing to participate complete an injury history form and two PROs. Following
completion o f the injury history form, participants completed the DPA and FABQ in a
counterbalanced order. Participants were instructed to complete both PROs as instructed
by the instrument’s directions. Participants required approximately 15 minutes to
complete the injury history form and PROs .
Injury History Form

The injury history form (Appendix A) captured basic demographic, injury history,
and athletic participation information. Demographic information was self-reported and
included age, gender, year in school, height, and weight. Pertinent injury information
included past history with a brief description that included time loss, time since most
recent injury, and injury severity for the most recent injury. No time restrictions were
instituted for injury history, participants were instructed to report any injury that they
could recall over the course o f their lifetime. Participation information included current
participation status, sport, NCAA division o f competition, and total years o f participation
in their current sport. If participants did not complete the injury history table but both
PROs were complete, it was assumed the participant had no history o f injury. In the event
that the participant did not complete a question or provided a subjective answer the
following procedures were employed:
•

Participants that did not answer “yes” or “no” to “Are you currently
injured?” were categorized as “no” (i.e., uninjured) if the most recent
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injury reported was greater than six weeks ago and they answered “yes” to
“Are you currently participating?”.
•

Participants that did not answer “yes” or “no” to “Are you currently
participating?” were categorized as “yes” (i.e., participating) if they
answered “no” to “Are you currently injured?”.

•

If the participant reported “multiple” or “a few” for injury quantity or time
loss, the investigators recorded the response as two.

•

If a participant reported “a season” or “a practice” for time loss, the
investigators recorded a season as three months and a practice as one day.

•

If the participant reported a range for injury quantity (i.e., 3-4 ankle
sprains) or time loss (i.e., 2-3weeks), the minimum was recorded for
injury quantity and the maximum was used for time loss.

Disablement in the Physically Active Scale

The DPA132 is a generic outcome instrument designed by athletic trainers for
physically active individuals. The multidimensional scale is rooted in both current
disablement and HRQOL paradigms. The 16-item scale contains questions related to
impairment, functional limitations, disability, and quality o f life. Responses are based on
a 5-point Likert scale, where one indicates that a patient does not have a problem with the
listed item and five indicates that a patient is severely affected by the problem.132 Each
item is weighted equally, and DPA scores range from 0 to 64. All 16-items are tallied and
then 16 points are subtracted from the final tally, to make zero the floor. Higher scores
indicate functional limitations and decreased emotional well-being. High test-retest
reliability (ICO O .943) and internal consistency (a=0.890-0.908) values have been
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reported for the DPA.132 The DPA is open access and no license is required.
Fear-Avoidance Beliefs Questionnaire
The FABQ38 is a dimension-specific outcome instrument designed to assess fearavoidance beliefs. The questionnaire consists o f 16 items subdivided into two scales, the
FABQ-Physical Activity (FABQ-PA) and the FABQ-Work (FABQ-W). To apply the
FABQ in athletes, we used adaptation methods as described by van Baar et al.197 The
term ‘back’ was changed to ‘injury’ and the term ‘work’ to ‘sport’ throughout the form.
Items are scored on a 7-point Likert scale from 0 to 6. Patient options range from
‘completely disagree’ to ‘completely agree’. FABQ scores range from 0 to 66 with higher
scores representing increased fear-avoidance beliefs. High test-retest reliability
(IC O O .77-0.90) and internal consistency (Cronbach a=0.70-0.89) have been reported for
the instrument in patients with low back pain.159 Similarly, in patients with patellofemoral
pain, Cronbach alpha values o f the FABQ-PA and FABQ-W were 0.72 and 0.89,
respectively.40 The FABQ is open access and no license is required.
Statistical Analyses
All statistical analyses were conducted with SPSS Version 21.0 (SPSS, Inc.,
Chicago, IL). Missing nominal values were deleted listwise on a test-to-test basis.
Missing values for the DPA and FABQ were treated conservatively and replaced with the
mean value for the individual participant if fewer than 20% o f the items were missing.
Participants missing more than 20% o f their DPA or FABQ items were removed from
analyses involving those PROs.
Using all participants, a principal component analysis was conducted on the 16
items o f the DPA with oblique rotation (promax). The oblique rotation was selected due

to the expected correlations between variables as the items were from the same
instrument. The Kaiser-Meyer-Olkin measure was used to verify sampling adequacy
(K M O O .5) and Bartlett’s test o f sphericity (p<0.05) was used to justify that the
correlations between the items were suitable for principal component analysis. Factors
with eigenvalues greater than Kaiser’s criterion o f 1 that explained greater than 5% o f the
variance were retained. Additionally, the scree plot was checked for points o f inflexion.
C’ronbach’s alpha values were ealeulated to examine internal eonsisteney within subseale
components identified by the analysis.
For all other analyses, nonparametrie tests w ere employed as an initial
Kolmogorov-Smirnov test indicated that all dependent variables violated the assumption
o f normality (p<0.001). Spearman’s Rho correlations were used to examine relationships
between the DPA, or any identified DPA subscale, and the FABQ in athletes with a
history o f injury. Correlation coefficients (rv) were interpreted as weak (0.01-0.39),
moderate (0.40-0.69), and strong (0.70-1.0).160 The coefficients o f determination (R2)
were examined for each correlation to determine the percent o f variance explained.
Lastly, separate Kruskal-Wallis tests were used to compare DPA and FABQ
outcomes in athletes based on injury history (currently injured, history o f injury, or no
history o f injury), participation status (full participation, participating injured, or not
participating due to injury), time since last injury (less than six weeks, six w'eeks to one
year, one year to five years, or greater than five years), and injury severity (no time loss,
mild, moderate, or severe). For injury severity, the most recent injury reported and the
most severe injury in their history were categorized for analyses. Injury severity was
classified with respeet to recovery time before return to sport participation (no time loss
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(0 days), mild (<8 days), moderate (8-21 days), or severe (>21 days)).7'-’ Additionally, the
athlete’s perception of injury severity (i.e.. mild, moderate, severe) was used to
categorize their most recent injury. Alpha was set a priori at p<0.05 for all analyses. In
the event of significant Kruskal-Wallis tests, Mann-Whitney U tests were performed to
determine where group differences occurred. A p-value correction was used to account
for multiple comparisons (p<0.017). For Mann-Whitney U tests, the z value was used to
estimate effect size (r). To calculate r, the z value was divided by the square root o f the
sample size (r=z/Vn).198 Effect size strengths were interpreted as small (0.10-0.29),
medium (0.30-0.49), and large (>0.50).199 Descriptive statistics are reported as median
and interquartile range for each analysis.
Results
Participant Demographics
Four hundred and sixty-nine athletes volunteered to participate in the study. O f
the 469 volunteers, 467 returned complete packets and two returned incomplete packets
(0.004%) and were therefore removed from all data analyses. A total o f 2,017 current and
past injuries were reported. Ankle sprains (20.6%) were the most common injuries
reported followed by injuries to the wrist and hand (11.3%). For a complete breakdown
o f injuries by region see Figure V. 1.
Missing Data
O f the 467 participants included, approximately 4% did not answer “yes” or “no”
to “Are you currently participating?” and roughly 8% did not answer “yes” or “no” to
“Are you currently injured?”. Those items were filled in by the investigators as described
in the procedures. For the independent variables (injury history, participation status, time

since last injury, injury severity), less than 10% o f the sample had missing data for any
one variable and thus were deleted listwise on a test-to-test basis. Eleven participants
were removed from all DPA analyses for missing more than 20% o f the items (N=456).
For all FABQ analyses, three participants were removed for missing more than 20% o f
the items (N=435). Less than 1% o f the data had to be filled for the DPA and FABQ. In
no cases did the missing data exceed 5% for any single item on the DPA or FABQ.
Principal Component Analysis
Principal component analysis indicated that a 2-factor structure was present for
the DPA. Questions 1-12 loaded on Factor 1 and Questions 13-16 loaded on Factor 2. All
items had a factor loading o f at least 0.58 (Table V.2). Questions 1-12 address items
related to impairment, activity limitations, and participation restrictions and Questions
13-16 address items specific to psychosocial and emotional well-being. Consideration o f
item content suggested that Factor 1 concerned physical function while Factor 2
concerned mental well-being. Therefore, we believe it is appropriate to identify items
clustered around Factor 1 as a DPA-Physical subscale and items clustered around Factor
2 as a DPA-Mental subscale (Appendix B). Overall, the two factors accounted for 65.1%
o f the variance in responses on the DPA. The Kaiser-Meyer-Olkin measure verified
sampling adequacy (KMO=0.939) and Bartlett’s test o f sphericity (x2 (120)=5022.19,
p<0.001) indicated that the correlations between items were suitable for principal
component analysis. The new 2-factor structure o f the DPA demonstrated high internal
consistency. Cronbach’s alpha values were 0.941 for the DPA-Physical subscale and
0.878 for the DPA-Mental subscale.
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Instrument Correlations

In athletes with a history o f injury, a moderate positive relationship was identified
between the DPA-Physical and DPA-Mental subscales (r, =0.486, R2=0.24, p<0.001).
Additionally, a moderate positive correlation was identified between the DPA-Physical
subscale and FABQ (rv=0.503, R2=0.25, p<0.001) and a weak positive relationship was
identified between the DPA-Mental subscale and FABQ (rs=0.266, R2=0.07, p<0.001).
Group Comparisons
The identification o f a 2-factor structure for the DPA allowed for comparisons
based on injury history, participation status, time since injury, and injury severity to be
made for the DPA-Physical and DPA-Mental subseales. The groups did not differ by age,
height, or mass (p>0.100) for any o f the independent variables examined. Data from the
FABQ was only used to make comparisons in athletes that reported a history o f injury.
Injury History
Based on injury history, 29% percent o f the sample reported a current injury, 65%
reported a history o f injury but no current injuries, and 6% reported no history o f injury.
Group differences were identified for the DPA-Physical and DPA-Mental subscales
(Table V.3). Follow-up comparisons revealed that currently injured athletes demonstrated
increased DPA-Physical scores, indicating decreased function, in comparison to athletes
with a history o f injury {p—<0.001, r=0.59) and athletes with no history (p=<0.001,
r=0.53). No differences were detected between athletes with a history o f injury and no
history (p=0.054). Athletes with a current injury also demonstrated increased DPAMental scores, indicating decreased well-being, in comparison to athletes with a history
of injury (p=().()()l, r=(). 17). However, DPA-Mental scores did not differ for currently
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injured and no history groups (p=0.481) or between history of injury and no history
groups (p=0.237). For the FABQ, athletes currently injured reported significantly higher
scores than athletes wirh a history of injury that had recovered (p<0.001, r0.38).
Participation Status
O f the athletes that reported participation status, 68% were engaged in full
participation, 22% were participating injured, and 7% were not participating due to a
current injury. A total o f 13 participants (3%) reported that they were uninjured and not
participating and were removed from the analysis as the reason as to why they were not
participating was unclear. All HRQOL. measures significantly differed based on
participation status (Table V.4). For the DPA-Physical subseale, follow-up comparisons
revealed that all three groups significantly differed (all p’s<0.()01). Athletes not
participating due to injury' reported increased scores in comparison to fully participating
(r=0.46) and participating injured groups (r=0.40) and athletes participating injured
reported increased scores in comparison to those engaged in full participation without
injury (r=0.52). For the DPA-Mental subscale, athletes participating injured (p=().()l(),
r=(). 13) and out due to injury (p=0.003, r=0.16) scored significantly higher than athletes
engaged in full participation without injury, indicating decreased well-being when
compared to their uninjured, fully-participating peers. No differences were detected
between athletes participating injured and athletes not participating due to injury
(p=0.199). In athletes with a history o f injury, FABQ seores significantly differed for all
three groups (all p’sO.OOl). Athletes out due to injury reported increased scores in
comparison to full participation (r=0.36) and participating injured groups (r=0.36) and
athletes participating injured reported increased scores in comparison to those engaged in
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full p a r t i c i p a t i o n ( 1 - 0 . 3 1 ) .

Time Since Last Injury
In athletes with a history o f injury that had returned to participating, 32% percent
reported that their most recent injury had been less than six weeks, 36% selected six
weeks to one year ago, 27% selected one year to five years ago, and 5% selected greater
than five years ago. Due to the limited sample in the greater than five years ago category,
those athletes were combined with the one to five years ago category and labeled as
greater than one year for analyses. Based on time since last injury, the DPA-Physieal
subscale and FABQ differed between groups, however no differences were detected for
the DPA-Mental subscale (Table V.5). Follow-up comparisons revealed that athletes in
the less than six weeks group scored significantly higher on the DPA-Physical subscale,
indicating decreased function, than athletes in the greater than one year group (p=0.()13,
r=(). IX). No differences were detected between the other groups for the DPA-Physical
subscale (all p’s>().()71) or between groups for the FABQ (all p's>().() 18).

Injury Severity
Based on time to return to play for the most recent injury, 22% o f athletes
sustained no time loss injuries, 24% mild injuries, 22% moderate injuries, and 32%
severe injuries. Based on time to return to play for the most severe injury, 7% o f athletes
sustained no time loss injuries, 13% mild injuries, 22% moderate injuries, and 58%
severe injuries. Lastly, based on the athlete’s perception o f severity for their most recent
injury, 39% chose mild, 47% chose moderate, and 14% chose severe. No I IRQOl.
differences were deteeted between groups for any o f the injury severity comparisons
(Table V.6).
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Discussion
The purpose o f this study was to analyze the existing structure o f the DPA,
examine relationships between the DPA and fear-avoidance beliefs in athletes with a
history o f injury, and compare HRQOL scores based on injury and participation factors.
Using principal component analysis, a 2-factor structure was identified for the DPA
which resulted in the formation o f the DPA-Physical and DPA-Mental subscales. In
athletes with a history o f injury, a moderate correlation was identified between subscales
and between the DPA-Physical subscale and FABQ, however the correlation between the
DPA-Mental subscale and FABQ was weak. Additionally, HRQOL differences were
detected between groups based on injury history, participation status, and time since last
injury, however injury severity did not appear to influence PRO scores. The following
discussion has been structured to analyze the sample obtained and highlight each o f the
purposes.
Participant Demographics
Even though the data was self-reported and collected retrospectively, the sample
displayed characteristics similar to those reported in previous literature.9 In the present
study, ankle sprains were the most common injury accounting for roughly 20% o f all
injuries reported. Moreover, 56% o f the 2,017 injuries described occurred to the lower
extremity. These values are similar to previous NCAA injury surveillance data, in which,
ankle sprains were the most common injury (15%) and more than 50% o f all injuries
occurred to the lower extremity.9 Likewise, concussions and anterior cruciate ligament
(ACL) injuries displayed comparable rates. Roughly 10% o f the injuries described in the
current data were concussions and 2% ACL injuries. In comparison, over a sixteen year
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time period, approximately 5% o f all NCAA injuries recorded were concussions and 3%
involved the ACL.9 Thus, the injuries reported in the current sample seem to be
representative o f the NCAA population.
Principal Component Analysis
Principal component analysis revealed a 2-factor structure for the DPA which
resulted in the creation of DPA-Physical and DPA-Mental subscales. The identification of
subscales allows researchers and clinicians to examine the consequences o f impairment as
separate physical and mental entities much like the structure o f the SF-36. Although the
SF-36 has physical and mental composite scores, the instrument was not designed for use
in athletic cohorts. Previous studies32,80 have used the SF-36 to assess HRQOL in
collegiate athletes and noted substantial differences between athletes and age-matched
controls from the general population, reiterating that it may not be an appropriate
instrument for athletes. However, the results o f this study suggest that the DPA may offer
a comparable alternative. Additionally, the clinical feasibility and brevity o f the 16-item
DPA offers clinicians and student-athletes an efficient tool.
The identified subscales distinguish between the physical and social phenomena
that contribute to disability. DPA-Physical items relate to impairment, activity limitations,
and participation restrictions, whereas DPA-Mental items pertain to psychosocial
characteristics o f quality o f life. Although the DPA provides a beneficial overview o f a
patient’s health status, analyzing the scale as separate constructs may provide distinct
insight that can be used to tailor treatment and rehabilitation strategies. Such strategies
can then be used to treat the entire spectrum o f disability, emphasizing patient-centered,
whole-person health care.23
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Instrument Correlations in Athletes with a History o f Injury

The correlation coefficients between PROs revealed weak to moderate
correlations. Not surprisingly, the correlation between the DPA subscales was moderate.
Although principal component analysis revealed that the items loaded on different
factors, the subscales were created from the same instrument that had previously
demonstrated high internal consistency.132 Conversely, correlations between the
independent subscales and FABQ differed. A moderate correlation was identified
between the DPA-Physical subscale and FABQ, whereas the correlation between the
DPA-Mental subscale and FABQ was weak. The weaker correlations between the DPAMental subscale and FABQ were unexpected as both instruments target psychosocial
aspects o f health. However, the FABQ was designed to assess psychological impairment,
whereas the DPA-Mental subscale solicits social aspects o f well-being such as altered
relationships and changes in mood. The stronger relationship identified between the
FABQ and DPA-Physical subscale may be attributed to the fact that fear-avoidance
beliefs about physical activity and sport behaviors may impair some o f the physical
attributes measured on the DPA-Physical subscale.
Although the correlations between all o f the PROs were significant it is important
to consider the percent o f explained variance. The DPA-Physical subscale and FABQ
shared the most variance at 25% suggesting that despite the moderate correlation between
PROs a significant portion o f the variance is left unexplained. The DPA subscales shared
24% o f the variance and the DPA-Mental subscale and FABQ shared the least at 7%.
These findings reiterate the importance o f collecting both generic and dimension-specific
outcomes, as the DPA subscales and FABQ appear to measure different constructs o f
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impairment, each instrument contributing components vital to understanding the dynamic
nature o f disability following injury.
Injury History
Athletes with a current injury reported decreased HRQOL in comparison to
athletes with a history o f injury and those with no history. More specifically, currently
injured athletes reported functional limitations on the DPA-Physical subscale and
increased fear-avoidance beliefs on the FABQ. Although the currently injured group
displayed similar deficits on the DPA-Mental subscale, they did not significantly differ
from participants with no history o f injury. Furthermore, the effect size between currently
injured and history o f injury groups was weak (r=0.17) suggesting that emotional well
being as measured on the DPA-Mental subscale may not be impacted by injury. Similar
trends have been identified in adolescent athletes. McLeod et al.31 observed significant
differences between injured and uninjured athletes for physical components o f the SF-36
(p<0.001), but not for SF-36 mental components (p=0.787). Additionally, no HRQOL
differences were detected between athletes with a history o f injury and those with no
history. Interestingly, these findings are consistent with the current literature in which
injury has served as a strong predictor o f lower SF-36 scores,32 however inconsistent in
that athletes with a history o f injury do not appear to exhibit HRQOL deficits in
comparison to the athletes with no history. Huffman et al.80 found that any history o f
injury, even minor injuries, had a detrimental effect on an athlete’s perception o f health
status on the SF-36. The only domain in which athletes with a history o f injury did not
report significant deficits on the SF-36 was emotional role. Therefore, although there are
minor inconsistencies between the results o f the current study and previous literature,
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emotional well-being appears uninfluenced regardless o f injury status.
It is essential to note that there are principal differences between the studies by
on

McAllister et al.

and Huffman et al.

and the present report. In the cohort collected at

the University o f California at Los Angeles,

history o f injury was not taken into

consideration. Although history o f injury was considered in the later NCAA cohort,80
history o f injury was not clearly defined and only athletes cleared for participation were
included. Therefore, the sample size for the previous cohort o f NCAA athletes with no
history o f injury (N=244)80 was significantly larger than the present study (N=28) and
may have contributed to the differences observed between groups. Additionally, the
substantially larger sample size for the no history group suggests that the athletes may
have only been asked to recall injury history information within a specified time frame.
Hence, the importance o f investigating the influence o f participation status, time since
last injury, and injury severity.
Participation Status
Participation status had a significant impact on HRQOL in athletes. Athletes out
due to injury and those participating injured, exhibited functional limitations, decreased
well-being, and increased fear-avoidance beliefs in comparison to uninjured athletes
engaged in full participation. Although better in healthy athletes, DPA-Mental scores did
not differ in injured athletes regardless o f participation status. The weak effect sizes
(r=0.13-0.16) observed between the healthy and injured groups suggests that injury may
not alter emotional well-being enough to cause concern. However, functional limitations
and fear-avoidance beliefs should be taken into consideration when treating athletes with
injuries.
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These findings draw attention to the fact that despite returning to play, athletes
engaged in competition with an existing injury still display HRQOL deficits. Such
deficits could hinder the individual’s ability to perform or ultimately contribute to further
injury. Thus, HRQOL should be considered in conjunction with physical markers and
functional testing when making return to play decisions. Integrating PROs to measure
HRQOL, in combination with physical and functional assessments, would address the
individual’s impairment from a biopsychosocial perspective. Utilizing a
multidimensional approach may prevent future complications and improve the overall
quality o f care received by the patient.
Time Since Last Injury
In athletes with a history o f injury who had recovered, time since last injury
appeared to influence HRQOL. Athletes who had experienced an injury less than six
weeks ago reported HRQOL deficits on the DPA-Physical subscale in comparison to
athletes that were greater than one year post-injury, however no differences were noted
for DPA-Mental or FABQ scores. These results should be interpreted with caution as the
effect observed for FABQ differences (r=0.17), although not significant, was very similar
to the effect observed between groups for DPA-Physical scores (r=0.18). Thus, FABQ
scores may still be elevated in athletes up to six weeks post-injury. However, DPAmental scores do not seem to be influenced by time since last injury. Further
substantiating the reoccurring theme that emotional well-being as measured by the DPA
does not appear to be influenced by injury.
Injury Severity
Both objective and subjective ratings were used to classify injury severity.
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Regardless o f the classification system, be it time loss or individual perception, injury
severity did not influence HRQOL. Moreover, history did not play a role as injury
severity comparisons were made between groups for the most recent injury reported, as
well as, the most severe injury reported. Conversely, McAllister et al.

found that serious

injury was a predictor o f lower scores on all eight components o f the SF-36 and that mild
injuries were predictive of four o f the eight SF-36 components. It is important to note that
7

McAllister et al.

^

examined injury severity in currently injured athletes and that the

method for classifying injury severity vastly differed from the present investigation.
Currently injured athletes were removed from the injury severity analysis in the present
study so that injury severity could be objectively quantified by calendar days lost due to
injury. To better understand the influence o f injury severity on HRQOL more research is
needed.
Limitations
It is important to acknowledge the limitations associated with this study. First, all
o f the injury history information was self-reported and thus collected retrospectively.
Accordingly, the potential for recall bias exists. However, within the literature other
medical professions have used self-reported history to obtain patient information.
Second, the retrospective nature o f the design inhibits causal links from being established
as there are various other factors that may cause PRO scores to fluctuate, such as
academic stress, illness, or major life events like the death o f a friend or family member.
Furthermore, the data was collected from athletes that were both in and out o f season and
only 5% o f the sample were participating in equipment intensive contact sports. At this
time, it is unclear how administration time point or sport intensity contribute to PRO
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scores. Lastly, although the data was collected at both public and private institutions with
diverse student-athletes, the institutions were within close geographic proximity and
employed full-time athletic training staffs. Future research should capture HRQOL
outcomes prospectively to eliminate recall bias and account for other factors that may
contribute to fluctuations. Furthermore, future investigations should extend HRQOL
beyond the DPA and FABQ to evaluate the influence o f injury on other outcomes that
offer regional perceptions o f impairment following injury. Additionally, to aid
rehabilitation strategies future studies should evaluate the patient’s perception of
impairment, activity limitations, and participation restrictions following universal sportsrelated injuries, such as ankle sprains, ACL tears, and concussions.
Conclusions
Athletes with a current injury exhibited HRQOL deficits as measured by the
newly defined DPA subscales and FABQ. While those individuals participating injured
reported better HRQOL than the athletes sidelined due to injury, deficits were still present
and should be monitored to ensure a complete recovery. HRQOL should also be observed
in recovered athletes up to six weeks post-injury as time since comparisons suggest that
athletes may report deficits up to one year. Although injury severity did not appear to
impact HRQOL in this study, it should be taken into consideration as athletes with severe
injuries may experience prolonged participation restrictions. From the results o f this
study, it is clear that injury negatively influences HRQOL. While the exact contributors
are unknown it is imperative that clinicians assess HRQOL post-injury. Identifying the
patient’s perception o f impairment will help facilitate evidence-based treatment and
rehabilitation strategies that target the physical and psychosocial aspects o f health.
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Table V .l. Athletic Participation Information for All Participants (N=467).
N (%)
NCAA Competitive Division
299 (64%)
Division I
168 (36%)
Division II
Year in School
Freshman
165 (35.3%)
Sophomore
117(25.1%)
Junior
108 (23.1%)
74(15.8% )
Senior
3 (0.6%)
5th Year
Sport
Baseball
39 (8.4%)
39 (8.4%)
Basketball
Cross Country
17(3.6%)
32 (6.9%)
Field Hockey
24 (5.1%)
Football
15 (3.2%)
G olf
Lacrosse
41 (8.8%)
Sailing
17(3.6%)
Softball
31 (6.6%)
Soccer
60(12.8% )
Swimming & Diving
37 (7.9%)
Tennis
17(3.6%)
Track & Field
43 (9.2%)
Volleyball
27 (5.8%)
Wrestling
22 (4.7%)
Other
6(1.3% )
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Table V.2. Pattern Matrix for the Principal Component Analysis (N=456).
Factor 1
Factor 1: Disablement in the Physically Active-Physical Subscale
Pain
.791
Motion
.736
Muscular Functioning
.725
Stability
.806
Changing Directions
.840
Daily Actions
.785
Maintaining Positions
.583
Skill Performance: 1) Running, jumping, kicking, throwing & catching
.914
Skill Performance: 2) Coordination, agility, precision & balance
.793
Overall Fitness
.676
Participation in Activities: 1) Leisure activities, hobbies, & games
.798
Participation in Activities: 2) Sport(s) of preference
.877
Factor 2: Disablement in the Physically Active -Mental Subscale
Well-Being: 1) Increased uncertainty, stress, pressure, and/or anxiety
Well-Being: 2) Altered relationships with team, friends, and/or colleagues
Well-Being: 3) Decreased overall energy
Well-Being: 4) Changes in my mood and/or increased frustration

Factor 2

.845
.894
.837
.846
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Table V.3. Injury History Comparisons for the Disablement in the Physically Active Scale
(DPA) and Fear-Avoidance Beliefs Questionnaire (FABQ).___________________
N
Median (Interquartile Range)
p-value
DPA-Physicalt#
Currently Injured
131
21.00(12.00-27.00)
0.000*
History o f Injury
297
3.00 (0.00-10.00)
No History o f Injury
28
1.00 (0.00-7.75)
DPA-Mental
131
3.00 (0.00-6.00)
0.002*
Currently Injured
History o f Injury
297
1.00 (0.00-4.00)
No History o f Injury
28
2.00 (0.00-6.00)
FABQ
Currently Injured
133
36.00 (27.00-43.00)
0.000*
History o f Injury
302
25.00 (12.00-34.00)
t Significant difference between Currently Injured & History o f Injury
#Significant difference between Currently Injured & No History
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Table V.4. Participation Status Comparisons for the Disablement in the Physically Active
Scale (DPA) and Fear-Avoidance Beliefs Questionnaire (FABQ)._________________
N
Median (Interquartile Range)
p-value
DPA-Physicafn
Full Participation
311
3.00 (0.00-10.00)
0.000*
Participating Injured
99
16.00(10.00-24.00)
32
Not Participating due to Injury
29.00 (22.00-36.75)
DPA-Mental
Full Participation
311
1.00 (0.00-4.00)
0.001*
Participating Injured
99
2.00 (0.00-6.00)
32
4.00 (0.25-8.00)
Not Participating due to Injury
FABQ
291
25.00(12.00-34.00)
0.000*
Full Participation
99
34.00 (26.00-41.00)
Participating Injured
34
Not Participating due to Injury
46.00 (35.50-52.25)
f Significant difference between Full Participation & Participating Injured
#Significant difference between Full Participation & Not Participating due to Injury
S ignificant difference between Participating Injured & Not Participating due to Injury
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Table V.5. Time Since Comparisons for the Disablement in the Physically Active Scale
(DPA) and Fear-Avoidance Beliefs Questionnaire (FABQ) in Athletes that had Recovered
from a Previous Injury.________________________________________________
N
Median (Interquartile Range)
p-value
DPA-Physicaf
92
Less than 6 Weeks
4.00(1.00-12.00)
0.037*
6 Weeks to 1 Year
105
3.00(1.00-10.00)
Greater than 1 Year
90
2.00 (0.00-7.00)
DPA-Mental
Less than 6 Weeks
92
1.00 (0.00-5.00)
0.216
6 Weeks to 1 Year
105
1.00 (0.00-4.00)
Greater than 1 Year
90
0.00 (0.00-4.00)
FABQ
Less than 6 Weeks
93
28.00(15.50-34.50)
0.036*
6 Weeks to 1 Year
107
26.00 (14.00-35.00)
Greater than 1 Year
93
22.00 (3.00-32.50)
#Significant differences between Less than Six Weeks & Greater than One Year

Table V.6. Injury Severity Comparisons for the Disablement in the Physically Active
Scale (DPA) and Fear-Avoidance Beliefs Questionnaire (FABQ) in Athletes that had
Recovered from a Previous Injury.__________________________________________
N

Median (Interquartile Range)

p-value

Time Loss Ranking: M ost Recent Injury
D PA -Physical
N o Time Loss
Mild (<8 days lost)
Moderate (8-21 days lost)
Severe (> 2 1 days lost)
D PA-M ental
N o Time Loss
Mild (<8 days lost)
Moderate (8-21 days lost)
Severe (> 2 1 days lost)
FABQ
N o Time Loss
Mild (<8 days lost)
Moderate (8-21 days lost)
Severe (> 2 1 days lost)

59
67
59
84

3.00 (0.00-10.00)
4.00 (0.00-10.00)
3.0 0 (1 .0 0 -7 .0 0 )
4 .0 0 (1 .0 0 -9 .0 0 )

0.785

59
67
59
84

1.00
1.00
1.00
0.00

0.938

58
67
61
89

(0.00-5.00)
(0.00-4.00)
(0.00-4.00)
(0.00-4.00)

2 5 .5 0 (1 2 .7 5 -3 3 .0 0 )
2 2 .0 0 (1 3 .0 0 -3 3 .0 0 )
2 5 .0 0 (1 2 .0 0 -3 5 .0 0 )
23.00 (9.00-34.50)

0.945

Time Loss Ranking: M ost Severe Lifetime
D P A -Physical
N o Time Loss
Mild (<8 days lost)
Moderate (8-21 days lost)
Severe (>21 days lost)
DPA-M ental
No Time Loss
Mild (<8 days lost)
Moderate (8-21 days lost)
Severe (> 2 1 days lost)
FABQ
N o Time Loss
Mild (<8 days lost)
Moderate (8-21 days lost)
Severe (> 2 1 days lost)

19
36
62
163

0.00 (0.00-9.00)
4.00 (0.00-9.25)
3.50 (0.75-15.00)
4.0 0 (1 .0 0 -1 0 .0 0 )

0.244

19
36
62
163

0.00 (0.00-9.00)
0 .0 0 (1 .0 0 -4 .0 0 )
1.00 (0.00-5.00)
0.00 (0.00-4.00)

0.814

18
36
64
168

21.50 (0.00-30.25)
2 1 .0 0 (7 .2 5 -3 0 .0 0 )
2 5 .0 0 (1 5 .0 0 -3 4 .7 5 )
2 6 .5 0 (1 2 .0 0 -3 6 .0 0 )

0.184

A thlete's Perception o f M ost Recent Injury
D PA -Physical
Mild
Moderate
Severe

115
135
40

3.00 (0.00-9.00)
4 .0 0 (1 .0 0 -1 1 .0 0 )
5.0 0 (1 .0 0 -9 .7 5 )

0.178

115
135
40

1.00 (0.00-4.00)
1 .0 0(0.00-4.00)
1 .0 0(0.00-4.00)

0.971

115
139
41

25.00 (6.00-34.00)
2 5 .0 0 (1 4 .0 0 -3 4 .0 0 )
2 7 .0 0 (1 2 .5 0 -3 8 .5 0 )

0.523

D PA-M ental
Mild
Moderate
Severe
FABQ
Mild
Moderate
Severe

Figure V. 1. Percentage o f Injuries Reported by Region.
Other

3%
Concussions
10%

Spine/Torso
8%
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CHAPTER VI
CONCLUSIONS
The overall purpose o f this dissertation was to gain a better understanding o f the
multidimensional profile of health-related quality o f life (HRQOL) following injury in
physically active individuals. Prior to conducting the research inquiries, the literature was
searched to systematically summarize the extent to which HRQOL deficits are present in
individuals with chronic ankle instability (CAI) and athletes. Subsequently, the following
purposes were formulated to contribute to the current literature. The purpose o f Project I
was to examine HRQOL differences between individuals with and without CAI on
generic, region-specific, and dimension-specific patient-reported outcomes (PROs). The
purpose of Project II was to identify clinician and laboratory-oriented measures o f
function capable o f predicting PRO scores in individuals with CAI. Lastly, the purpose of
Project III was to examine the scale structure o f the Disablement in the Physically Active
Scale (DPA) and the influence o f injury and participation factors on HRQOL in
collegiate athletes. To provide a summary o f the findings, the following hypotheses have
been revisited:
Hypothesis for Aim 1A: Within the literature, individuals with CAI will exhibit
decreased HRQOL in comparison to healthy individuals.
Findings: The hypothesis was confirmed that individuals with CAI exhibit
HRQOL deficits in comparison to healthy individuals; particularly when examined
with region-specific PROs.
Hypothesis for Aim IB: Within the literature, adolescent and collegiate athletes
will exhibit increased HRQOL in comparison to non-athletes.
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Findings: The hypothesis was confirmed that athletes exhibit increased HRQOL
than non-athletes on generic PRO instruments.
Hypothesis for Aim 1C: Within the literature, uninjured adolescent and collegiate
athletes will exhibit increased HRQOL in comparison to injured adolescent and
collegiate athletes.
Findings: The hypothesis was confirmed that uninjured athletes exhibit increased
HRQOL than injured athletes on generic PRO instruments.
Hypothesis for Aim 2: Individuals with CAI will exhibit decreased generic and
region-specific function and increased injury-related fear in comparison to healthy
individuals.
Findings: The hypothesis was confirmed that individuals with CAI exhibited
decreased generic and region-specific function, as measured by the DPA and Foot
and Ankle Ability Measure (FAAM), and increased injury-related fear, as
measured by the Tampa Scale o f Kinesiophobia-11 (TSK-11) and Fear-Avoidance
Beliefs Questionnaire (FABQ), in comparison to healthy individuals. Other
findings included the lack o f relationships between PROs, as well as, between the
PROs and injury history characteristics.
Hypothesis for Aim 3: In individuals with CAI, a combination o f clinician and
laboratory-oriented measures will explain a significant amount o f the variance
associated with HRQOL scores.
Findings: The hypothesis was confirmed that a combination o f clinician and
laboratory-oriented measures (i.e., postural control, dorsiflexion range o f motion,
plantar cutaneous sensation, and ankle arthrometry) contribute to a significant
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portion o f the variance associated with PRO scores in individuals with CAI.
Hypothesis for Aim 4A : Subscales associated with specific disablement
components will be identified within the existing structure o f the DPA.
Findings: The hypothesis was confirmed as two subscales, the DPA-Physical and
DPA-Mental, were identified within the existing structure o f the DPA.
Hypothesis for Aim 4B: The DPA will be related to FABQ scores in collegiate
athletes with a history o f injury.
Findings: The hypothesis was confirmed that relationships exist between the
identified DPA subscales and the FABQ, however the relationships were weak to
moderate.
Hypothesis for Aim 4C : Collegiate athletes will exhibit HRQOL deficits based on
factors such as injury history, participation status, time since injury, and injury
s e v e r ity .

Findings: The hypothesis was confirmed for three o f the four factors as the athletes
displayed HRQOL deficits based on injury history, participation status, and time
since injury. However, this hypothesis was not confirmed for injury severity as no
differences were detected between PRO scores for individuals with no time loss,
mild, moderate, and severe injuries.
Summary and Clinical Applications
Prior to Project I CAI had been associated with decreased HRQOL on generic
and region-specific PROs,34’51 however, the extent to which CAI influenced
dimension-specific outcomes was unknown. Project I detected HRQOL differences
between individuals with and without CAI on generic, region-specific, and dimension-
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specific PROs. These results highlight the multidimensional profile o f HRQOL and
enhance the current literature by detecting fear o f re-injury characteristics and
reaffirming that generic and region-specific deficits are present in individuals with
CAI. While the exact cause o f the reported deficits is unknown, left unaddressed, the
deficits may contribute to long-term consequences associated with the condition. Thus,
clinicians should utilize generic, region-specific, and dimension-specific outcomes to
better monitor patient status and evaluate treatment efficacy.
The findings o f Project I prompted further exploration o f the relationships
between HRQOL and the physical impairments associated with CAI, hence Project II.
In Project II, measures o f postural control, dorsiflexion range o f motion, plantar
cutaneous sensation, and ankle arthrometry were identified as predictors o f PRO
scores. Thus, exposing the overlap between patient, clinician, and laboratory-oriented
evidence and the relationship between body function/structure and activity limitations
and participation restrictions. In theory, targeting the physical impairments known to
contribute to PRO scores may improve physical function and HRQOL in individuals
with CAI. Thus, clinicians can utilize balance exercises,54’63’ 190 foot orthotics,191’ 192
plantar massage,193 joint mobilizations,62 taping,116 and bracing194 to treat the identified
impairments. However, rehabilitation programs should be tailored to match the unique
needs o f the patient, as not all CAI patients will exhibit all o f the physical impairments
identified in this study nor may HRQOL be contributing to their overall disability.
To better understand the multidimensional profile o f HRQOL following injury
the population was expanded to collegiate athletes for Project III. In Project III,
HRQOL was influenced by injury history, participation status, and time since last
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injury. In general, athletes with a current injury reported HRQOL deficits. Although
athletes participating injured reported better HRQOL than athletes sidelined due to
injury, deficits were still present in comparison to those uninjured. Furthermore,
athletes appear to exhibit HRQOL deficits up to six weeks post-injury. Currently, it is
unclear whether or not HRQOL contributes to athletic performance or if such deficits
may be cause for concern in academic environments. Consequently, such outcomes
should be monitored throughout the rehabilitation process and up to six weeks post
injury to ensure a complete recovery.
Project III was also used to explore the scale structure o f the DPA and
correlations between the DPA and FABQ in athletes with a history o f injury. As a
result DPA-Physical and DPA-Mental subscales were identified. As previously
mentioned, injured athletes displayed HRQOL deficits, however DPA-Mental
differences were subtle in comparison to the differences noted on the DPA-Physical
subscale and FABQ suggesting that injury may not influence emotional well-being.
These findings highlight the value in assessing multiple dimensions o f HRQOL.
Moreover, the relationships between instruments were weak to moderate at best,
further supporting the idea that the DPA-Physical, DPA-Mental, and FABQ capture
different dimensions o f HRQOL. Accordingly, clinicians should utilize a combination
of PRO instruments to identify and target physical impairments, activity limitations,
and participation restrictions, as well as, contextual factors that may contribute to the
patient’s disability following injury.
It is evident from the results o f these studies that following injury, physically
active individuals exhibit HRQOL deficits. As a result, clinicians must recognize the
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value in whole-person health care and acknowledge that each patient copes with injury
in their own unique way. PROs provide an outlet for the patient and a resource for
clinicians to obtain pertinent information regarding the individual’s perception of
physical impairment, activity limitations, and participation restrictions following
injury. This information can be used to design and implement evidence-based
treatment and rehabilitation strategies that emphasize the best available evidence,
clinical expertise, and patient values. Overall, this dissertation highlights the impact o f
injury on the multidimensional profile o f HRQOL and reiterates the usefulness of
implementing PROs as clinical outcome assessment tools. Utilizing PROs to capture
the patient’s perception o f disablement following injury is vital to improving the
overall quality of care provided and ensuring a complete recovery.
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APPENDIX A
INJURY H I S T O R Y F O R M
S u b je c t ID____________

S p o r t:____________________________

NCAA D ivision : Z I

Z II

Z III

A ge:_______

Y ear in School: Z F r Z S o Z J r Z S r Z S ^ Y r S r __________________________________________________________________________________________ H eig h t:____in
Gender: Z M a le

Z F e m a le ________________________________________________________________________________________________________________ W eig h t:____ lb s

H o w m a n y y e a r s h a v e y o u p a rtic ip a te d in y o u r s p o r t ? ____________
H o w m a n y y e a r s h a v e y o u p a rtic ip a te d in y o u r s p o r t a t th e c o lle g ia te le v e l? ___________
A re y o u c u r r e n tly p a rtic ip a tin g in all a th le tic r e la te d a c tiv itie s fo r t h e c u r r e n t a th le tic s e a s o n ?
Have you ever had?

Yes

EXAMPLE: Knee Injury

X

No

lY es

IN o

A re y o u c u r r e n tly in ju r e d ?

Brief Description/Diagnosis
How many times?: Structure Injuivd fe.g. ACL. L.ibmm. Tibi.il: Type of Iniurv fe.s. Fracture. Dislocationl
1 ACL t e a r , 2 M C L s p r a i n s

IY es

IN o

For each injury specify how long w ere you
unable to participate fdays. wks. months')?

Surgery
Yes/No

ACL f 9 m o s ) , M C L ( 3 w k s & 6 w k s )

Y -A C L

Concuss ion
Neck Injury
S tin g e rs/B u rn e rs
Back Injury
R ib/R ib Cage Injury
S h o u ld e r Injury
Elbow In ju ry
W ris t/fla n d In jury
Hip Injury
Thigh In jury
Knee Injury
L o w er Leg In ju ry
Shin Splints
A nkle Sprain
K oot/T oe Injury
A d d itio n a l i n j u r y h i s t o r y . (F a c e /J a w , C h est, K id n e y , H e rn ia , e tc .) Please include how m a n y times, h a w long y o u were unahle to p articipate, a n d a b r ie f description.

W h a t w a s y o u r m o s t r e c e n t in ju ry (Provide D escription)? ____________________________________________________
Y o u r m o s t r e c e n t in ju ry w a s a p p ro x im a te ly h o w long a g o ? M < 6 w k s

l> 6 w k s - ly r

H o w w o u ld y o u c la ssify y o u r m o s t re c e n t in ju ry ? J M ild

JS ev erc

J M o d c r .itc

l> ly r-S y rs

l>f>yrs

B riefly e x p la in w h y y o u c h o s e th e c la ss ific a tio n a b o v e :______________________________________________________
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APPENDIX B
D I S A B L E M E N T IN T H E P H Y S I C A L L Y ACTIVE
PHYSIC A L A N D M E N T A L SUBS C A L E S
DPA-Physical Subscale

1

2

3

4

5

P a in - "Do I h a v e pain?"

□

□

□

□

□

M otion - "Do I h av e im paired m otion?"
Ex. D ecreased r a n g e /e a s e of m otion, flexibility, a n d /o r increased stiffness

□

□

□

□

□

M u scu lar F u n c tio n in g - "Do I h ave im paired m u s c le function?"
Ex. D ecreased stre n g th , power, e n d u ran c e, a n d /o r increased fatigue

□

□

□

□

□

S ta b ility - "Do I have im paired stab ility?"
Ex. The injured a re a feels loose, gives out, o r gives way

□

□

□

□

□

C h a n g in g D ir e c tio n s- "Do I h ave difficulty w ith c h a n g in g d ir e c tio n s in activity?"
Ex. Twisting, turning, sta rtin g /sto p p in g , cutting, pivoting

□

□

□

□

□

D aily A c tio n s- "Do I h ave difficulty with d a ily a c tio n s th a t I would norm ally do?"
Ex. W alking, sq u a ttin g , g e ttin g up, lifting, carrying, bending over, reaching, and
going up/dow n sta irs

□

□

□

□

□

M ain tain g P o s itio n s - "Do I have difficulty m a in ta in in g t h e s a m e p o s itio n for a
long period of tim e?"
Ex. Standing, sitting, keeping th e arm o v e rh ea d , or sleeping

□

□

□

□

□

1) Ex. Running, jum ping, kicking, throw ing & catching

□

□

□

□

□

2) Ex. C oordination, agility, precision & balance

□

□

□

□

□

□

□

□

□

□

1) Ex. Particpating in leisure activities, hobbies, and g a m e s

□

□

□

□

□

2) Ex. Participating in my sp o rt(s) of preference

□

□

□

□

□

Sk ill P e r fo r m a n c e - "Do I have difficulties with p e r fo rm in g s k ills th a t a re required
for physical activity?"

O verall F itn e s s - "Do I h ave difficulty m aintaining my f i t n e s s level?"
Ex. C onditioning, w eight lifting & cardiovascular e n d u ran c e
P a rticip a tio n in A c tiv ite s- "Do I h ave difficulty with p a r ticip a tin g in a ctivities?"

DPA-Mental Subscale
W e ll-B e in g - "Do I have difficulties with th e following...?"

1

2

3

4

5

1) In c re a se d uncertainty, s tre s s , p re ssu re , a n d /o r anxiety

□

□

□

□

□

2) A ltered relationships with te a m , friends, a n d /o r colleagues

□

□

□

□

□

3) D e creased overall en erg y

□

□

□

□

□

4) C h an g es in m y m ood a n d /o r in creased frustration

□

□

□

□

□

Adapted from: Vela LI, Denegar C. Transient disablement in the physically active with
musculoskeletal injuries, part I: A descriptive model. J Athl Train. 2 0 10;45(6):615-629.

170

VITA
Megan N. Houston
Department o f Study
Old Dominion University
Department o f Human Movement Sciences
Student Recreation Center
Norfolk, VA 23529
Education
May 2014

Doctor o f Philosophy, Human Movement Science
Old Dominion University
Norfolk, Virginia

August 2011

Master o f Education, Kinesiology-Athletic Training
University o f Virginia
Charlottesville, Virginia

May 2010

Bachelor o f Science, Athletic Training
Mercyhurst University
Erie, Pennsylvania

Publications
Houston MN, Van Lunen BL, Hoch MC. Health-related quality o f life in individuals
with chronic ankle instability. Journal o f Athletic Training. In Press.
Houston MN, Hodson VE, Adams KKE, Hoch JM. The effectiveness o f whole-body
vibration training on improving hamstring flexibility in physically active adults: A
critically appraised topic. Journal o f Sport Rehabilitation. In Press.
Gabriner ML, Braun BA, Houston MN, Hoch MC. The effectiveness o f foot orthotics on
improving postural control in individuals with chronic ankle instability: A critically
appraised topic. Journal o f Sport Rehabilitation. In Press.
Powell MR, Powden CP, Houston MN, Hoch MC. Plantar cutaneous sensitivity and
balance in individuals with and without chronic ankle instability. Clinical Journal o f
Sports Medicine. Epub Ahead o f Print.
Houston MN, Hoch MC. Ankle laxity influences function in individuals with chronic
ankle instability: A clinical research review. International Journal o f Athletic Therapy &
Training. 2014; 19(2): 20-22.
Houston MN, Cross KM, Saliba SA, Hertel J. Injury-related fear in acutely injured
interscholastic and intercollegiate athletes. Athletic Training & Sports Health Care.
2014;(6)1: 15-23.
Houston MN, McKeon PO, Hoch MC. Foot and Ankle Ability Measure scores in
patients with chronic ankle instability following joint mobilization. International Journal
o f Athletic Therapy & Training. 2013;(18)2: 4-7.

